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THE 


AUTHOR's ADDRESS 


1 o THE 


Sc HOOLMASTERS and Tr AchkRS of Mathematics 
in Great Britain and Ireland. 


GENTLEMEN, 


uſeful in my Generation, as far as my Abilities will admit, have in- 
duced me to appear once more in Print, and to beſpeak the Indul- 


Education, as a Mark of my Gratitude for their former Favours; and fince I 
have no Reaſon to doubt of finding their Candour for a Work of this Nature 
equal to my Sincerity and Well-meaning in the Publication thereof, eſpecially 
| If it be fortunate enough to merit your Approbation; to whoſe Patronage could 
I then fo properly recommend it, as to yours, for whoſe Uſe it was chiefly in- 
tended, and whoſe Emolument I had principally in view, in compoſing thereof? 


Ir I is an old Obſervation, That a good Method is the Soul of Buſineſs: And 


it is equally true in the Buſineſs of the Schools, as in that of Commerce; I doubt 
not that your own Experience has often verified the Maxim: I think it was ſaid by 
that ee Man of Buſineſs Cardinal RicnLIEU, That whatever Reputation 
he had acquired in his Negotiations was principally owing to his Purthit of a 


good Methed, and doing only one Thing at a Time. Since an uſeful Education 


is of the higheſt Importance to Mankind, whether conſidered. as Individuals, 
or as Members of a Community; and ſinee Art is long, tho Life is ſhort; who- 
ever therefore has any thing to offer, which has a Tendency either to ſhorten 
the Time uſually ſpent in a Courſe of Study, or to- render the arduous Task of 
Education eaſier, both to Teachers and Learners, has certainly a juſt Claim to 
the Attention of all Tutors and Pupils in that Branch of Science whereof he 
treats. This is my Caſe at . as the very Title does, in ſome meaſure, in- 
timate : 2 


HE candid Reception which my forme little Treat, called The 
General Gauger, met with in the World, and an earneſt Defire to be 


gence of the Public, to whom I bequeath this Legacy, for the Advancement of 
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timate: And I hope I may, VINE tk. "OP * the bloning Sade con2 
tam an eaſy, familiar, and per 8 Method of performing and demonſtrate- 
ing, what is moſt material and neceſſary for Learners to know, inthe elemen- 
tary Parts of Geometry, Trigonometry, and Projection of the Sphere; and 
alſo the Application af that Doctrine to the Solytion of a Variety of curious 
an Problems in Aſtronomy, Navigatioff and Dialling. In the former 


elementary Met cddng to the Practice of ſeveral eminent Authors, 1 have 


ſelected a ſufficient Variety of ſuch Problems and Theorems as are indiſpen- 
ſibly neceſſary for underſtanding the reſt of this Work, which yet have a Con- 


nection and Dependence on one another; ſo that their Truth is evident by 
'thamſelvts, without clogging the Learner's Memory with ſeveral trifling and 
ſuperfluous Things in Euclid; of whoſe firſt Six Books, mine may be called 
8 Abridgment,. - In the Sequel of this Work, wherein che aforeſaid Theory is 
applied, I have endeavonree to exemplify it in ſuch Inſtances as are of con- 
ſigexable Importance in hymaf Affairs, or uſeful in common Life: And tho' 
ſothe of them have been thought ſufficiently abſtruſe, yet the Eaſineſs of the 


Manner, wherein they are here treated, makes them appear plain and familiar. 208 


"Jan very ſenſible, that tho' indeed the Subſtance of Science be moſt "1 
luable in an Author, yet there is a Merit in, and a Regard ought to be paid to, 


its being exhibited .in a commodious, eaſy and pleaſant Form: Of two Manners 


of doing the ſame Thing, one may be vaſtly. preferable to the other. Expe- 
Tience is allowed to be a good Teacher; and I dare venture to ſay, that in above 

Forty Years Experience J never found any Method ſo well adapted ſor the 
Eaſe and Expectation both of Maſters and Scholars, nor any attended with ſo 

much Succels as is here laid down. I can aſſure them, neither Vanity nor In- 
tereſt prompts me to be an Author now; but to the Motives before-mentioned. 
1 may add that very common one of complying with the = bt ityof Friends, 
of which ſeveral, who are competent Judges, having ſeen this Work in Manu- 
ſcript, were very ſolicitous for its being made public. Such as it is, Gentlemen, 
it is now ſubmitted to your Approbation or Cenfure : You well know, T. enuia 
aon ſpernenda, If theſe my Endeavours ſhould be of any Utility in the Practice 
of Teaching, or in any wile contribute to your 4 & ſhall "90, fome 105 
0 for py n who am, | 
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EOMETRY originally ſignified" the Art of meatring the Parth; bus cis 
now a Science, which treats of Magnitudes, and is the principal Part of 
the Mathematichs. 
MacNni1TUDE is a continued Cuantity, which conſiſts either in Lines, 
or Angles; in Surfaces, or Solide. ST 
1. A Point is the Bound of a Line. ge 
| 2. A Line is the Bound of a Surface. 1 
3. A Surface the Bound of a Body. ul 
Tas firſt is ſaid to have neither Length nor Breadth ; the ue Length,wiv—# dum, a8 
and the third, Length and Breadth without Depth. But tha at which n Length 
and Thickneſs, is called a Body, or a Solid. 
_ 'Liwxs are either ſtrait, or crooked, or cury'd. ones. 1 ſtrait Line is what 
the ſhorteſt Diſtance between any two Points. All Lines, that have not this 
crooked, or curv'd ; fome of which, as the Circle, Parabola, H la, Ellipſis, 
Cycloid, Logarithmick Curve, Cc. have very: uſeful and ſurpri Properties. 3 
A PLANE, or plane Surface, is that whieh lies —_ betwixt its- bounding- or x 
Lines, like the Head of a Drum, or 8 ſo extended in any other Shape. 8 55 
An Angle, ſuppoſe 52 c, is made by the meeting of two Eines, as ba — ca, which i is 
reater or leſs, according as the Lines chat form it ae inclin n to each other: So the Angle 
ae is greater than the Ang} "bats the Menſure of the Angle 54 being the Arch 1425 
and that of þ ac only the Arch gr. | 
Now, as the Length of Lines is taken in Inches, Tam, "dr | 
rA Nn grees, Minutes, Seconds, 8. 
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timate: And J hope I may, without Vanity, ſay, that the following Sheets cons 
tam an eaſy, familiar, and perſpicuous Method of performing and demon K 
ing, what is moſt material and neceſſary for Learners to know, inthe elemen- 
.- tary Parts of Geometry, Trigonometry, and Projection of the Sphere; and 
alſo the Application af that Doctrine to the Solytion of a Variety of curious 
and-intereſting Problems in Aſtronomy, Navigatzand Dialling, In the former 
elementary Part, according to the Practice of ſeveral eminent Authors, I have 
ſelected a ſufficient Variety of ſuch Problems and Theorems as are indiſpen- 
ſibly neceſſary for underſtanding the reſt of this Work, which yet have a Con- 
nection and Dependence on one another; ſo that their Truth is evident by - 
themſelves, e clogging the Learner's Memory with ſeveral trifling and 

ſuperfluous Things in Euclid; of whoſe firſt Six Books, mine may be called 

5 Abridgment. - In the Sequel of this Work, wherein the aforeſaid Theory is 
applied, I have endeavanree to exemplify it in ſuch Inſtances as are of con- 
ſigerable Importance in humaf Affairs, or uſeful in common Life: And tho” 
ſore of them have been thought ſufficiently abſtruſe, yet the Eaſineſs of the 
Manner, wherein they are here treated, makes them appear plain and familiar, _ 


Il very ſenſible, that tho' indeed the Subſtance of Science be moſt va- 
luable in an Author, yet there is a Merit in, and a Regard ought to be paid to, 
its being exhibited in a commodious, eaſy and pleaſant Form: Of two Manners 
of doing the ſame Thing, one may be vaſtly. preferable to the other. Expe- 
rience is allowed to be a good Teacher; and I dare venture to fay, that in above 
Forty Years Experience I never found any Method ſo well adapted ſor the 
Eaſe and Expectation both of Maſters and Scholars, nor any attended with ſo 

much Succels as is here laid down. I can aſſure them, neither Vanity nor In- 

- tereſt-prompts me to be an Author now; but to the Motives before- mentioned. 

I may add that very common one of complying with the mp ns N 
of which ſeveral, who are competent Judges, having ſeen this Work'in Manu- 
ſcript, were very ſolicitous for its being made public. Such as it is, Gentlemen, 
it is no ſubmitted to your Approbation or Cenſure: You well Know, Tenuia 
ion ſpernenda. If theſe my Endeavours ſhould be of any Utility in the Practice 
of Teaching, or in any wiſe contribute to your Succeſs, I ſhall reap ſome Satiſ- 


action for my Labours, who am, 
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;EOMETRY originally fgnified the Art of e the Earth; bus is 

now a Science, which treats of Magnitudes, and is the principal Part ß 

the Mathematicks. 3 
MAGN1TUDE is a continued Gyantity, which conſiſts either in Lines, „„ 

or Angles; in Surfaces, or Solids. e, . | 


1. A Point is the Bound of a Line. 

2. A Line is the Bound of a Surface. . 
3. A Surface the Bound of a Body. |; 
Tus firſt is faid to have neither Length nor Breadth ; the td, Length,withour r 

and the third, Length and Breadth without Depth. But that which hatli Length 
and Thickneſs, is ** * a Body, or a Solid. 
Lixks are either ſtrait, or crooked, or curv'd ones. 6 ſtrait Line is what 
the ſhorteſt Diſtance between any two Points. All Lines, that have not this Pro, 
crooked, or cury'd ; ſome of which, as the Circle, Parabola, Hyperbola, Ellipſis, Qua... 
Cycloid, Logarithmick Curve, c. have very. uſeful and — Properties. 
- APLANE,:- or plane Surface, is that whi 


lies evenl betwixt its- bounding- or ex 
Lines, like the Head of a Drum, or Figure ſo extended in any other Shape. 
An Angl e, ſuppoſe 54 c, is made by the meeting of two, Eines, as ba and ca, which is 
greater or eſs, according as the Lines that form it are znclin'd to each other : So the Angle h 
bat is greater than the A_ hat; the Meaſure of the Angle bae bog the Arch 4. | 3 
and that of þ ac only the Arch 971. | 35 
Now, as the Length of Lines is taken in ug ** We Mile 

of * is 8 in D, Mut Fs 
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2 Of GEOMETRY. 


Anp every Circle being ſuppoſed to be divided into 360 equal Parts, called Degrees; 2 
Degreghns 60 Parts; called Minutes; and a hHinute into 60 Parts, called Seconds; Were if 
you deferibe a Circle g π (with any Extent of your Compaſſes) upon the angular Point a, 
ſo much of that Circle (27) as is included between the two Lines ba, c a, is faid to be the 
Meaſure of that Angle. And here you muſt know, that if you produce the Line ab to t, 
and a to s, or. farther at Pleaſure, yet that cannot make the Angle hac, or Arch gr, 
either more or leſs than before: Hence, if upon the Point, 2 you deſcribe another Circle 

Degrees, Minutes, &c. than the Arch gr ; only a 


s x bc, the Arch be will contain no more Dy p. y 
Degree, Minute, &c. of the Arch 5 will Be greater than the like Parts of the Arch 97 
i. e. ene Degree of the Arch gr be 40 Inches, chen one Degree of the Arch ör will be 
ooh be Chang de 


Angles are either Right, Acute, or Obtufe. E 
I. A Right Angle xac is made by two Lines xa, ca, which ſtand perpendicular to 
7 p CT. + 4.5 44 FZ 
2. Ax Acute Angle 9 is leſs than a Right Angle. And, DS 5 
3. Ax Obtuſe Angle x an is more than a Right Angle. Where note, that when an Angle 
is expreſs d by three Letters, as x an, tis meant that the angular Point is ſignified by the 
middle Letter. As the Angle above is made by the Lines x a and ua, ſo the Angle itſelf may 
be expreſſed by x an, to diſtinguiſh it from any other Angle made about 2. N 


= * 


SL0HS05000050S000S0040S00600000000000600000 


1 þ e f ; T1 * 1 ix ; 

; + * . J 4 » ( * 

. / : the i N + "uh . n TR - ; e ; $ 

” W144 ng tr gin ee & oa A, 2. oat oe 3 

7 N 0 , 
15 3 h # ; 
J. a . 
2 ö » N | 7 4 * 


160 TO TEL, 4 | 3 | 
RE is a Magnitude bounded by one or more Lines, or Surfaces ; of which ſome 
and ſome ſolid. . VVV 
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1. A TxIANGLE is a Figure bounded by three Lines, as the Triangle ABC; which, 
in reſpect to the Sides, is either (1) Equilateral, that has all its Sides equal, ABC. (2) Ifofcele 
3 3 which has two Sides equal, DEF. (3) Scalene, that has no Side equal, 

Or, | 
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A PARALLELOGRAM is a Figure that has four Sides, and as many Angles ; and is either 


Of 0 E OM TR V. 3 


2. In reſpect to its Angles, is either (4) Right- angled, which has one Right Angle 4. 


ng! 
(5) Acute angled, that has all its Angles Acute, as K LM or, (6) Obtuſe, which has 


- 


A Parallelogzam. 


Equilateral, which has four equal Sides; or In-equilateral, whoſe Sides are unequal. | 
1. An Equilateral Parallelogram has either all its Angles right, as the Square A; or ob- 
lique Angles, as the Rhombus B. DR 


Ld 
9 


| A 


2. Ax In-equilateral Parallelogram has either Right Angles, as the Right-angled Parallelo- 


gram A, called alſo the Oblong, or Long Square ; or its Angles are Oblique, and then 'tis 
_— 8 Rhomboides, as B: Every other four-ſided Figure is called a Trapezium, as 


. 
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Of GEOMETRY. 


A Circle. 


ACR is a plain Figure bounded by one Line AB GD, called the Circumference ; 
the middle Point whereof, C, is called the Center, from which all Right Lines, as CA, Cd, 
Ce, CG, are equal. 2 | 

Tres Diameter is a Right Line, which paſſeth through the Center, and touches the Cir- 
cumference in two Points, as AG. | | | | 

A Semi-Circle is half of an entire Circle, as ABG. 

A Segment of a Circle is a Figure contained between a Right Line called a Chord (as gr) 
and any Part of the Circumference 9 Dr, or Br, called an Arch. 
A Sector of a Circle, C AB d, or Cde, is a Figure made by two Radius's, as Cd and 
Ce, and Part of the Circumference 4 e. 8 | 


35 
: wr” 


A Wultilaceral (or many-fided) Figure, called alſo a Polygon, is a Fi bounded b 
_ four Right Lines, as ABCDE. This Figure is Led a Dun; having 4 & 
Sides and Angles, more than four. When it has five Sides, tis called a Pentagon. When 
fix, an Hexagon. When ſeven, an Heptagon. When eight, an Octagon. When nine, a 
Nonagon. When ten, a Decagon. When eleven, an Endecagon : And, when twelve, a 
Dodecagon. And when ſuch a Polygon has all its Sides and all its Angles equal, it is called 
Regular, as K; but when there are any of them unequal, then Irregular, as L. 


E D 


Parallel Lines, A and B, are thoſe which incline not at all towards one another: So 
that if they were drawn out infinitely, they would never meet. 
* | A | : | 
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A Rictht Tine (A B) is ſaid to touch a Circle, when being continued it does not cut it: 
And ſuch a Line is called a Tangent, from the End of which (ſuppoſe A) if you draw a Line 
to the Center C, then the Line AC is called a Secant. (See Figure the 1, next — 

e | | » 


- 


: 


it. (See Fig. the ſerond.) FE 
and a Right 


An Angle of the Segment, 4 74 (fee Ng. a.), is made by the Circumference 
Line. or Chord, as ac. ; nd | £8. 5 ( TE WELSH £5 7 + 3+ 3 EE. 


An Angle in the Segment (c) is made by two Right Lines (ac, bc) riſing from the Angles | 


of the Segment, and meeting in the Circumference. (See Figure 3.) 
an Angle of Contact, B, is made between the Tangent and Circumference. (See Hg. 1.) 
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1. ONE Line or Number is ſaid to meaſure another, when the leſſer repeated a certain 
Number of Times is exactly equal to the greater ; the greater of ſuch may be called a mul- 
tiplied Magnitude, and the leſſer an aliquot Part thereof: Thus B being thrice repeated will 
exactly meaſure A, therefore is an aliquot Part of A; and ſuch a Part 4 is of 12, becauſe 4 
being taken thrice will preciſely meaſure 12. | VVV 


ee ne no 
2. LIKE aliquot Parts, are thoſe which are an equal Number of Times contained in their 
Wholes. Thus B and D are like aliquot Parts of A and C. 
B 


—— — — 
3. Like Parts are thoſe that are equally contained in their reſpective Wholes ; thus B and 


D are like Parts, becauſe B is contained once and a half in A, and D once and a half 


in C. N 
* C = a 5 ̃ 7 a 5 | b 
D | ; « 


4. Wren Numbers are in Geometrical Proportion, the Quotient ariſing by dividing the 


Conſequent by the Antecedent is called the Ratio (or Reaſon) ; as if they were 4:8::6: 12, 


thent®=4#=2; here 2 is the Ratio which (with Sturmius, in his theſis Enucleata) you 
may call e; whence you may obſerve, that the Antecedent multiply'd by the Ratio produces 


the Conſequent: So 4 Xx 2 2 8 and 6X 22 12. 


5. SO if you have the Diameter of a Circle = 30 = & given to find the Circumference, 
the conſtant Proportion may be as 113: 355 ::b: to the Circumference ; here the Ratio is 
424 = 3,14152 = e, then e may expreſs the Circumference ; and ſo of any other. 

6. LIN 6 be the firſt Term of three Quantities continually proportional, and : the Ratio 3 
then Fer ſtand thus; &, eb, eeb. Here you may ſee, that the Square of the middle Term 
ic 


- W ＋ is ce bb, is equal to the Rectangle or Product of the Extremes b and eeb, which is 
o eebb. 
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An Anaſe , is ſald to ſtand upon that Part of the Circumference 57, that is oppoſite to 
; CCC ̃ ü... ̃ ¶ 0711} 67 T5 Ra-a74 
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wk Ty there are four ſuch, T 


the Product of the Fremen 8. to the Noduct of any two of the 
by diſtant from the Een as allo to 9 * middle e if the Terms, ar 


I. "PROM any Point given draw 
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The EXPLICATION of the NOTES. 


Signs or Characters that are uſed in this Work. 
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the Sign of Subſtraction. 
the Sign of Multiplieation. 
the Sie of Diviſion.” mY 5 

the Sign of disjunct Geometrical Proportion. 4 
the Sign of contingal Geometrical — on. 
Therefore. TS He 
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the Sign of the — AA 

the Sign of the Square Root allo,  _ 

the Sign of the Cube Root. 15 1 
the Sign of the Biquadrate Root, &c. | 5 

L a Right Angle. | 


— Poſrulates, 0 Petitions. 
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A Torn Tx is that which is kiten in ittelf, PIR it may eaſily be Jae, 0. con- 
Kein ed to be done. It is therefore required to be granted that we may, 
ight Line unto any other given Point. 
2. Draw a finite Right Line in Length till farther. 
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An Axiom is a ſelf-evident Principle, which is ſo clear in itſelf, that it is not capable of be- 
ing made clearer by any kind of Proof, but what every one will aſſent to as ſoon as they 


underſtand the Terms of ſuch Principles, or. Propoſitions. 


1. THinGs that are equal to a Third, are equal to one another. 
2. Ir equal Quantities be added to thoſe that are equal, the Sums will alſo be equal. 
3. Ir equal Quantities be taken from thoſe that are equal, the Remainders will be equal. 
4. Ir to Unequals you add Equals, the ums or Wholes will be unequal. 
5. Ir from unequal Quantities you take Equals, the Remainders will be unequal. - 
er os that are mn triple, ur, ed of tho-ſatne Thivg, are equal * to one 
another. 7: 
7. THrosE Quantities a are equal, which being apply'd one to the other neither excecds. * 
. Ir right Lines be equal, they wilt muy _ my one ee ond the ſame is 


trye of res, # . 
9. THz Whole is greater than any of its Parts”. 600; Was 1 
4 ALL right Angles are equal one to another. : 


11. IF two right Lines be parallel, all * Perpendiculars contained between them will be 


12. Two ri icht Lines cannot comprehend a Space; bor that will require three at leaſt. 
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CHAP. II. 
Geometrical J zoblems. 
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PROBLEM is « Propſion, which equi Ge to be dome; as to make 


ſome Figure, to add or ſubſtract one Figyre to e to make aw pals 
2 three * n not de bs in a | pe „c. : The 5 


* 1 
> Fo . * of 4 : * 


Ts du 4 given "Ln (AB) 5 into 3 Parts... l hog K 


1. 884 0 ne Foot of your Compaſſes into the Point A, and opening the PALL 3 
b e the Line AB, make the Arches: D and E above and be- 
ine. 


* the ſame Extent, ſet one Foot at the other End By and croſs thoſe Arches in 
3. Draw 


s 
3. 
oy 


2. 


wat required. Pegs 


quired to erect the Perpendicular GC. 


3- Daa the Line FG, and this ſhall divide the Line AB into two equal Parts-in C,. 
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a a Mi w of | 8 in en 0 
LeT AB be the Line given, and let C be the Point aſſign'd therein, upon which it is re- 


o 


1. SeT one Foot in the Point C, and open the other to any convenient Diſtance, as to D, 


and make the Points D and E on 'each of the Point C. 


2. SET one Foot in D, and open the other Foot at Pleaſure; then deſeribe the Arch F; ; 
Fe bot in E, croſs the former Arch 


and with the ſame Extent of your Compaſſes ſetting. E's 


in 


9. 
5 4 5 


requir d. 
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3. Draw the Line G,C, which ſhall be perpendicular to A, B, upon the Point C, as 
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PRORKR 3. 

wen ditar upon (or near) the End of e given Line. 2 9 
To do this, there are ſeveral Ways ; but 1 den For Goes: two, which are the moſt 

familiar and eaſy. 1 | | * 6 a rd 
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The Firſt Way. Ss 
LeT AB be a given Line, 1 from the Point A, near the End thereof, let it be required 


„ 


Diſtance at Diſcretion, and ſetting one Foot in the given 
croſs the ſaid 


A 


to erect a Perpendicular AC. 

1. Oren your Compaſſes to any 
Point A, with the wo deſcribe the Arch FED. 

2, Tünn ſet one Foot in D. (the aſſes K A at the fame. Diſtance) 


Arch in E; and ſetting one Foot in E, with tl the Arch AFG 
rſt Arch in F. — b 
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Of "1G: EO MET R 8 _ 
3: Ser one Foot in F, and with the” other deſeribe the man Arch 555 croſling the for- 


mer in the Point C. 


4 Dna the Line AC, and tht han be perpendicular to the Lins AB. as wat required. 
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The 3 4 


LET B be the Point given, and from thence let it be. required to draw the Line BM per- 
pendicular to AB. 

1. Or EN your Compaſſes to any convenient Diſtance, and ſetting one Foot i in the Point B. 
put the other down any where (above the Line AB), as at K, and turn that which was in, 


B, about upon the Center K, until it cuts the Line AB in the Point L. 


2. DR Aw the Line LI, and the Compaſſes remaining as before (at the Diſtance LK) ſet 
that from K to M; fo a Line drawn from M to B, will be perpendicular to AB, and from 
the given Point B, as was requir'd. ; 
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From a Point to let fall a Perpendicular to 4 Line given. | 


In this there are two Caſes; - firſt, when the given Point is over or near ne idle of the 
Line and ſecondly, when it is near or almoſt over the End of the Line. 


Cate 1 N 


LzT NO be a Right Line given, and from the Point P over it, let it be _—_— to let fall 
the Perpendicular P Q. 


1. Oyzx your Compaſſes to any Diſtance greater than PQ, and ſetting one Foot in the 
given Point P, with the other deſcribe an Arch of a Circle cutting the given Line NO, in 


| 2 and 8. 


C | 2. Divive 


* - 


"Wo" given Point P to Q, ſhall be perpendicular to the given Line NO. N 6 9 
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Lr V be the Point given; from whence to let fall e to the Line NO. . 
I. From amy Part of the given Line NO, as from T, draw ph kno to the given 
Point V, which Line (by Prov. 1. ) divide into two equal Parts in the Point x; 
2. TAkE Tx in your ſſes, „ nf = Oo Foot in & as a Cen- 
ter, deſcribe the Semicircle V T, cmting the given Line 1 O. 
. Draw a Line from V to O, 1 that will — to the gin Lin NO, 


9 Ce” 
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PROB. * 


To FR a Line paralle] to @ given Line. 
LeT AB be a Line given, unto which it is requir'd to draw a Parallel. 
K. 5 T _—_ _— _ _ and 8 to 2 Diſtance requir d make the "IL E. 
2. Wirz the tent o our Co e oot in the - 
3 y Mpa tone in the other End B, and de 
. Lay your Ruler to the very Top of theſe two Arches, ſo chat it does not croſs, but 


touch them ; then by the Side heme dn the NO parallel 
Tie A5. hich was edu __ dr m— 
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- T1 draw 4 Parallel ts a Lin Ah; frm a Point ali. 3 
Lr AB be a Line given, and let C be a Point aſſign'd, from whence a Parallel to AB AY 


1s to be drawn. 

1. Set one Foot of your Compaſſes in A, and extend the other to the Point C. 

2. WII the ſame Extent ſet one Foot in B, and deſcribe the Arch D. | 

3- TAKE the whole Line AB in your Compatſes,-and ſetting one Foot in C with the 
other croſs the Arch D in E. 

4. — pa the Line C E, and this ſhall be a Parallel to AB, from the Point. C, as was 
requir 


x 


OE. "9 — — 


P R O B. 7. 
Po divide an Angle given into ue equal Parts. 

11 ABC * Age 2 be into two N Fo 

1. SET one Foot of your in B, and ing other to comrenient 
Diſtance, then make in the Sides „ | * 

2. WIr n the ſame, or any other Extent at Pleaſure, ſeming one Foot in E, make the 
Arch F. 

2 Wir the fame 282 ſet one Foot in D, and croſs the former Are in G. 

4 Draw the Line BG, and it will divide the Angle into two equal Parts. 


PROB. 8. 


| : To make an Angle. equal to an Angle given. = 
Iur CAk be the given Angle, and let it be required to make. another Angle equal 


thereto. 
3. Wen angular Nen 4. vid any Opening of the Compaſſes deſcribe the Arch 


2. Having drawn the Line FH, then the Center F (with the Game Extent of your 
Conpulhs s eie derive the Arch (Gt. * + Taxa 
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3. TAKE the Arch BD in your Compaſſes, and ſet that from G to I, and draw the Line 
FK, and this will form an Angle H IK, equal to CAE, as was required. 


K 


- 


ü 3 
5 5 given Line AB, to make an Angle of any given Number of Degrees, p- 
poſe 3 0 | . 5 F | = FI | Gy E: > 

1. QpgNn your Compaſſes to 60 (the Radius) of your Line of Chords (the Defcription and 


Making of which you have in the following Part of this Book), and ſetting one Foot in A, 
with the other deſcribe the Arch E. | TR 


- 


2. FAKE in your Compaſſes the given Angle 36 Degrees out of the ſame Line, and ſet 
that Extent off from c to d, then lay a Ruler upon the Points A and d, and draw the Line 


A [ah will this Line Af make an Angle of 36 Degrees with the Line AB, as was 
required. 7 | 


—_— 


— 


Two Lines, ſuppoſe A and AB, being already drawn, and making a certain Angle BA 7 
to find the Quantity of that Angle. 1 — TO 

I. TAE 60?, out of your Line of Chords, and ſetting one Foot of your Compaſſes in 
A, with the other deſcribe the Arch cE. — 


2. TAKE cd in your Compaſſes, and ſet one Foot in che Beginning of the Line of Chords, 
and the other will reach to 36 upon the ſame Line; and that is the Meaſure of the Angle 
FAB requir'd. (See the laſt Figure.) ci 25 5 
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85 27 1 a given Line into any Number of * p 


Lew AB be the Line propos'd, and to be divided into fix equal Parts. , 
1. From the End A, draw out at pleaſure, the Line AC, making any Angle with the 
Line AB. 
2. From the other End B, draw the Line BD, parallel to A C, (by Prob. 5.) or making 
the Angle D B A equal to the Angle CAB (by Prob. 8. ) | 
. From the Points * and B, and upon the Lines AC, and BD, ſet off any fix equal 
Parts, I, 25 
4. Draw Lines 14 A to 6, from 1 to 5, from 2 * from 3 to 3, er. and thoſe will 
. the siven Line A B into = equal — a 
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Another Way. 


In a new Method of Fortification as practiced by Monſieur n you have a different 
Way (from that above) to divide a Line into any Number of equal Parts; and this I take to be 
preferable to the other, becauſe by it you divide any other Line, whether it is longer or ſhorter 
than that at firſt propos'd into the ſame Number of equal Parts. 


Let AB be a Line given, zo be divided into fix equal * 


1. Dxaw CD a Line of any convenient Length, and upon that from C ſet off as ma 
equal Parts, as the given Line A B ought to have; ſix for Example, as from C to E which you 
may mark with I, 2, 3» 4, 5, 6. 

2. TAkE CE in your Compaſſes, and (with that Extent) upon © and L, as two Centers 
deſcribe two Arches to interſect one another in F. 7 

3 From F to the ſeveral Points — I, 2, 3, 4, 5, 6, at E, draw Lines as FC. Fr. Fa, Sc. 
F 


4. TAKE the given Line ABi in your Compaſſes, and ſet that from F to g and þ, then | 
draw the Line £1 h, winch will be — to the Line 2 and e into fix equal Parts, as 
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. Tr the Line given had been longer than A B, fach as G H Fi, then i I is the ſame, and 
divided into fix equal Parte; if it had been ſhorter, as. LK Fl, then Im is the ſame, and di- 
vided into fix equal Parts, fo the Triangle being once made, ſerves to divide any Line, if not 
longer than CE, into the like Number of equal Parts, and this is oftner of great Uſe, eſ- 
pecially when a Sector is not at hand. | SOL 5 | 
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To ſind the Center of a Circle, chat ſhalt paſs. thro' awvy three given Points wot lying in a 
Right Line, ſuppoſe ABC. VV n 
I. SET one Foot of your Compaſſes in A, and open the other to above half the Diſtance 

BA (the fartheſt of the other two Points), and with that Extent deſcribe the Arch Fg G. 
2. Wir the ſame Extent, ſetting one Foot in B, draw two little Arches to cut the former 

in F and e, then draw the Line ef. EY 2 

3. WiTHovurT altering your Compaſſes, ſet one Foot in C, and with the other croſs the 
Arch Fg G in the Points g and 5, then draw the Line gh, and it will interſe& the Line /, 


in the Point O ; which is the Center required, upon which you may deſcribe the Circle ABC, 
which was to be done. ; 
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Two Points within a Circle being given, how to deſcribe the Arch of another Civele which 
ſhall paſs thro' thoſe two Points, and alſo divide the Circumference of the given Circle into 
two equal Parts. | | TO” 


Let the two given Points be E and F, within the Circle ABCD. 

1. THROUGH either of them (as thro*' E) draw the Right Line ED, paſling thro' the Cen- 
ter of the Circle at O. 
2. Ar Right Angles thereto, draw the Line A C. | 

3. Draw the Line EA, and upon the Point A erect the Perpendicular AG, cutting the 
Line BD (produced) in the Point G, ſo have you three Points E, F, G, ous which (by 
the laſt Problem) you may draw the Arch PEFNG, whoſe Center will be at K. 
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Now, | 
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Of G E O 


Now, if you lay a Rule upon the Points P and N, and it paſſes over the Center of 
Siren Circle 10 . you may conclude that the Circ is truly drawn. 
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From à Point affigrt'd to tra a Tangent to a given Circle, 


| Lev A be che Point, from which à Tangent to the Circle DRQ is 20 be drawn. 


I. 1 the Point A, draw * Secant AB, which divide into two equal Parts in the 


2. SET one Foot of your es in C, and extend the other to A ar B, and with 
that Extent deſcribe the — A DB, and it will interſect the given Circte in P. 


3. From A, draw the Line ADE, which is the Tangent Line requir d. 
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To draw 0 Tangent Line to a Point given in a Circle, 
Lzr ABC be the Cirele given, upon the Cireumference of which is the Point A propos d. 
1. DR Aw the Line DF from the Center D thro” the given Point A. 
2. Tnxouen the Point A draw the Line HI at Right Angles to the Line DF; ſo will 
5 HI be the Tangent requir d. | | | 
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2 being given together with a | Tangent, Fa to find the Point where. it touches 
$ ; the cle. 5 ; 

= Ler ABx be the Circle, and DE the Tangent, che Point where it toucheth the Circle 
is required. 5 


= From the Center O let fall a Pe 
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Of GEOMETRY: 7 


PROB. 17 


27 find à third Line in Proportion to two Lines given. 
Tas A and B be the two Lines given, to find a third Line, which ſhall be in the fame 
Proportion to them, 
1. Dx Aw two Right Lines, as CD, and DH, making any Angle CDH. 


2. TAKE the Line A, and ſet it from D to E; then take the Line B, and ſet it fro 1 
to F, and from D to G, and draw the Line EF. n D 


3. Thxouo the Point G draw a Line parallel to EF, as GK ; ſo ſhall DK r * third 
Proportional Line to the Lines D and B. For as DE: DF :: DG (=DF) : e thir 


C 


bpm: - 


PR OB. 18. 


To find a fourth Line in Proportion to three Lines given. 


Kar A „B, and C, be three Lines given, and let it be requir'd to find a fourth Line i in Pro- 
ion to them. 

1. DRAw FG, and F E to make any Angle at Pleaſure, as E FG. 

2. TAkE the Line A, and ſet it from F to H; alſo take B, and ſet that from F to I, and 
draw the Line HI. 

3- Take the third Line C, and ſet it from F to K, and thro? the Point K, draw KL, Paral- 
lel to H I, ſo ſhall F L be the fourth Line requir d. 

Tuer two Problems do the TOP The Rule of T hree | in Lines, 


4 — 12 -G 
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P R OB. 19. 
Between two right Lines given, to find o Mean Proportional. — 

LE the two given Lines be A, and B, between which it is required to find a third | Line 
G E, whoſe Square ſhall be equal to the Rectangle of the two Lines A, and B, (that being the 
Property of a mean Proportional between theſe or an other two Lines.) | 

1. DRA a Right Line at Pleaſure, as the Line CF; then take the Line B in your Com- 


paſs, and ſet it from C to E. | 


x8 o GEOMETRY 


Root brings to mind another ſomething like it for ex- 


2. Take the Line A, and ſet that from E to F, and divide the Line C F, into two equal 


Parts in D; and upon D, as a Center, with the Diſtance D C, or D F, deſcribe the Semicircle 
CGE. | | | 


3. From the Point of joining of the two given Lines at E, ere@ u Perpendicular E G, cut- 


ing the Semicircle in G ; ſo ſhall E G be the mean Proportional required, = - 


ä 
By Help of the laſt Problem, you may find the ſquare Root of any Number: Thus, Di- 
vide the Number whoſe Root you would have by 10, 100, 1000, c. as you find moſt con- 


venient ; then will 10, 100, 1000, &c. be one Extream, and the Quotient the other; between 


which if you find a mean Proportional in Lines by taking ſuch Extreams off a Line of equal 


Parts, that Męan will give the Square Root of the given Number, when it is apply'd to the 


fame Line of equal Parts, by which the Numbers were laid down; for Example, 


1. Let it be requir'd to extract the Square Root of 56; this when divided by 10, is 7, 6, 


then having drawn the Line A D at Pleaſure (take 10 off a Line of equal Parts, and ſet that 

from A to C. 5 | | ws | ; 
2. From the ſame Scale take 7,6 and ſet that from C to D; then add 10 and 7, 6 together, 

and the Sum is 17, 6 the half of which is 8,8. . | 

2. Tax 8,8 in your Compaſſes, from the Scale, and ſet that from A to B, and upon B as 


a Center, at the Diſtance of B A, or B D, deſcribe the Semicircle AE D. 
4. Upon the Point C, erect the Perpendicular E, and take that in your Compaſſes to the 


Line of equal Parts, and it will give 8,71, Sc. the Root requir d. 


Again, if the Square Root of 3136, was required, this when divided by 100, is 31, 36, fo 


a mean Proportional between 100, and 31, 36 will be 56, Fc. for any other. 
Tux preceding Method for extracting the Square 1 F. 


extr acting the Cube Root, and is as follows. 


Sor ros g it was required to find the Cube Rovt f 
175616. 


I. Divine the given Number by any ſquare Num- : | 

ber that is leſs (as 64,81, 100, 10000, 1000000, &c.) | 5 * 

and reſerve the Quotient, and Square Root of the bBiC*＋œq＋í⅛wme __——— — 
viſor. N A oo nin MDC: 0 


I7, 5616, and Square Root of the Diviſor 100. 


22. DESCRIBE a Semicircle, A BD (with any convenient Radius,) then take A B in your 
Compaſſes and open a Sector, ſo that the parallel Diſtance between 10 and 10 (which you 
may now call 100 and 100, that being the Square Root of the Diviſor before reſerv'd) upon 


the Line of Lines, may be equal to that Extent of your Compaſſes. 


3. The Sector being thus ſet, take the parallel Diſtance of 17,5616 (the reſerv'd Quotient) 
in your Compaſſes, and; ſet that upon the Line BO from M to C and thro*the Point C draw 


4. HAving done fo far, take a Square and lay one Side of it upon the Line TW, fo as 
5 ; a Ruler as QU) upon the 

| | het A, fo that 
its angular Point at S, may move the Ruler Q V, 35 Side remaining ſtill upon A) until the 
you may know by trying two or three 


that the other Side may cut the Semicircle ABD ; and alſo la 
Poiut A to cut the Line B O, then move the Square (along the Line T W 


Ane becomes equal to the Chord A Z (hic 
imes with your Compaſſes.) 8 


Id this Caſe you may make Choice of 10000 for the Diviſor, and then the Quotient will be 
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5. TAkE AZ, or MR in your Co 
parallel Diſtance of 56, — is the Cube Root of A. 


AGAIN, Let it be required to find the Cube Root of 202262003 
here a convenient Diviſor is — BY 
By which if you divide the given Number, the Quotient! is 202, 22003 

AnD the Square Root of the Diviſor looo 


1. Havins drawn the Semicircle A B D, take A B in your Compaſſes, and ſet the Sector to 
that Extent, as at the laſt Example; but take notice that what there you call'd 10, at the 


End of the Line of Lines 100, becauſe that was the Square Root of the Diviſor, for the ſame 
Reaſon you muſt call it 1oo0, in this Example. 


2. Tx Sector being thus ſet, take the parallel Diſtance of 202,26, &s. in your Compaſſes, 


and ſet that from M to C, and draw T W. [54 
7 LAx the Square and Ruler, and moving them as before, until you find M R equal to 
A 


then take one of them in your Compaſſes to the Sector,and the Points wil fall upon the 


parallel Diſtance of 587, the Root fought, - 


J PROB. 


mpaſſee to the Sector, and the Points will fall upon the 
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1 F Between two Right Lines given, to find two mean proportional Lines. 
LET H and I, be the Lines propos'd; between which it is required to find two Mean Pro- 


av portionals. 
1 8 1 Dx aw the Line A B, equal to H, and from B let fall the perpendicular B © equal to I, 
| at Right Angles to which draw CR at Pleaſure, ; | 
= 2. Erect the Perpendicular A O, of any convenient Length, and draw the Line A C, which 
= divide into two equal Parts in F. | 

| 3. Lay a Ruler upon the Point B, and keeping it upon that Point, move it up and down 
the Line AO, umtil FE becomes equal to FD; then will AD and C E be the Mean 


= upon 
E Proportionals between. the: given Lines H and I. 
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1 Another Way to do the fame. 
9 10 H and 1 be the Lines given as above. 
5 1. DRA out A E at Pleaſure ; and upon A erect the P Perpendicular AN. 


2 Tax the Line H in your Compaſſes, ** ſet that a to C. and tlie Line I, and 10 
that from A to B, and draw the Line BC. 


5 3. DiviDE BC into two equal Parts in N 
| | ©; then ſet one Foot of your Compaſſes * 
; in O, and extend the other to B, or C, and [| __..._ "I 
with that Extent deſcribe the Semicircle 6 Fad a = | ij 
J BFC. Bu. - . 7 
4 4. TAkx the Line I in your Compaſſ es 1 
1 and lay that upon „JJ Mom. C.. Le SR Pig io fo T7 on, 
2 to F ; then laying a Ruler upon the Point LE 
5 F, move it up and down upon that Point 
by and the Line AN, until OG is made equal h.. bet OT 1 = 
3 to O D, ſo will B G be one of the Mean ner n PEE DO 0k © 8 _ 
1 Proportional ſought, and C D the other. 11 OR Ton eo = 
1 on x D 
4 : ; P R O B. 21. 
5 75 make a Triangle, each Side whereof halt be equal to a gipen Right Line. 
7 LEr A be the given Line, and let it be required to make a Triangle that each Side thereof 
ſhall be equal to the ſaid Line. | | 
Io I. Draw the Line A C at Pleaſure, ſo as to be longer than the given Line A. 
1 2. TAKE this Line A in your Compaſſes, and place that from the Point A to B. 
2 With the ſame Extent of your Compaſſes, place one Foot in A, and draw the Arch a; . 
Re then with one Foot in B, draw the Arch 5, to interſe& the Arch a in the Point ; from Fo 


whence draw Lines to A and B, ſo will the Triangle be form'd, and have each Side equal to 
the Line A, as was required. (Thisis EE an 2 Triangle.) Ty 
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At 
p R O B. 2 22 0 
Of three Lines given, ſo that the Sum of the two ſhorteſt ll be greater than the Third, [to N 


Triangle. 
Ler A, B and C, be the three Lines given; whereof it is required to make a Triangle. 
1. Tak x the Line A, and lay it down from D to E. 
2. TAKE the Line B in your Compaſſes, and ſetting one e Foot in D, make the Arch F; . — 
done take the Line C, and ſetting one Foot at E, with the other croſs that Arch at O. 9 
3. From O, draw the Lines O E, and 0 D, ſo ſhal the Triangle be form'd, whoſe three Is 4 
are 9 to the ng Lines A, B, C. 
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PR OB. 23. 


Ta OT a Square whoſe Sides ſhall be oquial to a given Line. 


LeT AE be the given Line, upon which you are to make a Square AE 0 P, 

1. Upon the Point A, erect the Perpendicular A O, equal to AF. 

2. Tak R A E in your Compaſſes, and ſetting one Fact in O, deſcribe the Arch 4; and 
with the ſame Extent of your Compaſſes, ſetting one Foot in E, croſs that Arch in P. 

F From P, draw Lines to O, and E, and 162 will form the * required. | 
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To make a Parallelogram, or Los rer whaſe Bt hat be equal to a os Line . and Breadth 
to the Line 
1. DRawa Line A C, at Diſeretion; and upon the Point A, erect the Perpendicular AD 


ual to B. 
— Takx the Ls A in your Compaſſes, and with that As: placing one Foot i in D, 
with the other deſcribe the Arch g, and lay the ſame Extent from A to F. 


* 3. TAKE the Line B in your Compaſſes, and ſetting one Foot in F, croſs the former Arch 
* in , and from 2, draw the Lines D and F, and it is done. 
— — _ A —— | —— 5 — 


25 make a Rhombus 457078 Sides hal be equal to a given Right Lint, „„ 
| Jas the Line given be W. 
eee 1. DRaw the Line A E to any Length longer than the given Line W; and then taking 


; the Line W in your 77 ſet that off from A to D, and with the ſame Extent of your 
| Compaſſes, put one Foot in D, and wich the other draw the Arch OP. 
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2. Tux Compaſſes continuing as 28 were, ſet one 1 A, and with the other de- 
ſcribe the Arch gr ; eroſſing the Arch O P, in B, upon which Point ſet one Foot of 
Compaſſes, and with the former Extent draw the Arch S ? which will cut the Arch OP in /. 

3. Dzaw the Lines F B, and F D, fo will A B/ D be the Rhombus required. 


0 — 


|  PROB, 26. 
To make a Rhomboides whoſe longeſt and ſhorteſt Sides ſhall be equal to two given Right Lines. 
Lr the given Lines be A and B. . 5 
7 Compaſſes, and ſet that from C to D; alfo take B in your 


1. TAKE the Line A in your 
Compaſſes, and (if you are not limited by a given Angle) ſet that from C to any Point as E, 


and draw CE. 3 | 3 on a+ 3 
2. Taxt the Line A in your Compaſſes, and ſetting one Foot in E, wlth the other draw 
the Arch p p. . 


3. TAkR B in your Compaſſes, and ſet one Foot in D, and draw the Arch 2, which will 
eut the former Arch in F; from which draw the Lines FE and FD, fois CE FD the Rhom- 


To make a Pentagon upon a given Line without the Help of a Circle. 
Let AC be a Line given, upon which you are to make a Pentagon. 
. 1. DRAw the Line AB, and taking A C in your Compaſſes, ſet it off from Atto Cc. 
2. RaisE the Perpendicular CD equal to A C, and divide AC into two equal Parts in E. 
3. SET one Foot of your Compaſſes in E, and extend the other to D, and with that Extent 
draw the Arch DF. f 5 15 
4. Take AF in your Compaſſes, and ſetting one Foot in A, and then in C, upon theſe two 
Points, as Centers defcribe two Arches to cut one another in G. | | 
$5. TAkE AC in your Compaſſes, and upon the Points A and G, draw two Arches to croſs 
one another in I, then (with the ſame Extent) upon the Points C, and G, draw two other 
Arches to cut one another in K. e | 


6. Jon | 


0 nE. 
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6. Jon Al, 10, G * and xc TOW, 1 y Right Lines, and it is. # FRY 


p R OR 


To inſorit a ; Pentagen within 2 Girde. (Euclid. Schol. Prop. 10. Lib. XIII. 
Lr ADB G, be a Circle in which you are to draw a Pentagon. 


- 1. Draw the Diameter AB, and upon the Center C erect the Perpendicular CD. 

2. Drvive CB into two equal Parts in E; then ſet one Foot of your Compaſſes in E (as 

a Center) and extending the other to D, deſcribe the Arch D F, and draw the Line F D, and 
' this is one Side of the Pentagon requir'd, by which you may draw the reſt. 


Reualdimus, has | given us an univerſal Method of inferiting in a Circle Palygon of any Number 7 
| | Sides whatever : Thus, 


"Tur Circle ACBPF being drawn, and alſo its Diameter AB, let it be required to inſcribe 2 
* or Figure of Seven equal Sides. 

1. Make the Equilateral Triangle ABD upon the Diameter A B. (by Prob, 18. ) and di- 
vide the Diameter into as many equal Parts (by Prob. 8.) gs the Figure to be inſcribed Nas 
Sides (in this Caſe Seven) 

2. From the Point D, draw a Line thro' the ſecond Diviſion (2) to the oppoſite Canine 
Part of the Circu mference at d, and from d, draw another Line to the End of the Diameter at 
B, ſo B dis the Side of the Polygon required (here of a Hepiagon) and ſo of any other. 

Ir thro'“ 4 and 6 you draw the Lines D F, and D G, and from F draw the Lines F 4, and 
F & you will have two Sides more, and if you would complete the Heptagon take Bd in your 


N * 6 
6. 6d * A, r 
„ 4 


Compaſſes, and lay that from B.to /; and from / to g, and the ſame fm G tos, and ſo a 
the Sides Bf, fg, &c. | 4 | 
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N. B. That after you have found the Point D, you 
may from thence draw the Lines D d, DF, Cc. with- 
out compleating the equilateral Triangle ABD ; alfo 
if thro' 1 you draw the Line De, and from # draw 

the Line B, that will be the Side of a Polygon of 
14 equal Sides. N 


. P R O B. 29. OTA 
From a Circle given, ABC to cut off a Segment A BC to contain an Angle B, equal to a 
right lin'd Angle given D. | i | ET F 
I. Draw the Tangent E F to touch the Circle in the Point A (by Prob. 15.) . 
2. Draw the Line AC, to make the Angle FA C, equal to D (by Prob. 8.) this Line will 
cut off the Segment A B C containing an Angle B, equal to the Angle C AF. | 


C = CAF, therefore CBA = 
by Axiom 3d. | 


P R O B. 30. 


To deſeribe one or more Mechanic Ovals. 


1. MAkx a four ſided Figure ABC D, and produce its Sides both Ways at Diſcretion. 
2. PLACE one Foot of your Compaſſes at C, and with the other deſcribe the Arch q op. 
3. Wir the ſame Extent ſet one Foot in A, and with the other deſcribe the Arch r 57. 
4. ConTRACT your Compaſſes ſo as that one Foot being ſet in B or D, the other may 
reach to g or p, and at that Extent deſcribe gy 7, (upon the Center D,) and pt, (upon the: 
Center B) meeting the former Arches in , fy nd p, t, ſo will the Oval be completed; and 
C4 SF hw thus 


© : 
** 
> 4 


now drawn, 


1 


G F 0 M 2 TRY) 
vhs Nenn he ſuns Centr you may dne c Ora cher greater 07 los thay this 


PRO B. 


To deſcribe an Ellipſis more erall. 
Az our r any two Right Lines given for the two Diameters of an Ellipfis ; to deſcribe ſuch 


an Ellipſis. 


1. LzT the Line PY, be the longer, and R M the thorteſt Diameter given, and let mem 


croſs one another at Right Angles in B. 
2. TAKE half the lon 


.-In the two Points Z and 8, fix two Pins, 


Nals, or the like, and about them put a String 


ſo long that being doubled it may reach from the 
Pin at 8, to the End of the Diameter at P, or 
from the Pin at Z to the End Y, ſo then the 


whole Length of the Strin * will be twice as long, 


as the Diſtance 8 P, or 8 V, which String at that 
Length, join at both Ends, then putting it over 
the two Pins at Z and 8, with a third Pin (which 
may be a Black Lead Pencil, or ſuch like) moy' 


5 
the String about upon the two fixed Pins Z and 8. 


and it will by its Motion deſcribe the true Peri- 
phery of an „ or mathematical Oval. 


RO B. 32. 


RIBS Spiral Line NS | 
Lan: 1L be the Line about which the Spiral Line is to be deſerib'd. 


C3. 


. 
* 


eſt Diameter PB, or: B Vin your Compaſſes, and ſetting one F oot 
in R or M, the other will reach upon the 3 to the Points Z and 8, which are 
the Centers upon which the Elliplis PRYM muſt be deſcrib'd. 


2 


1. DwIDE half the Line IB, or L B into as many equal Parts as there are to be Revolu- 


tions in C, E, G. I, (viz four.) 


2: DiviDs BC wo emo equal Part in A, and upon the Point A deſcribe the Senlitircies/ 


3. Uron 


». — - 1 7 "IA 4 % 7 
(# 5 * . 8 wk m Ly 4 . q 3 = 
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. Uyon the Point B deſcribe the Semicircles CD, EF, GH, I, and you will 
Spiral requir'd, 


as » « , at 7 ” 9 . " * * . 1 a p 9 
» - . „ 3 i * - — % * * , 0 > p g 7 TEE $ 8. 
* , * 4 . 2 * 
8 o N . 4 ; . - Py. TB F 1 


2 RO 33. 


* 


The Diame ter if a Cirtle being given, to find the Length of the Circumferent when extended 15 a Right 
Line ; admitting, with Archimedes, that the tiara between the Diameter and Gircumference 


of a Circle is near, as 7 to 22. | 1 
LeT the Circle be ABCD, whoſe Diameter A Oi is given, ha a Line equal to the Genn | 2, 
ference AB CD, requir'd. MF 


1. Divivs the Diameter A C into 7 equal Parts, and having drawn the Line E G to any _— 
convenient Length take the Diameter in your Compaſſes, — lay tony Extent from E On, „ 
from 1 to 2, and from 2 to 3; ſo is E 3, thrice the Diameter. . 3 
2. TAKE one of the 7 Parts into which the Diameter was divided, as A 1; and ſet that = | 

from 3 to N, then EN is a Line nearly equal to the Circumference A B CD, as was — 


ö 85 * 


CHAP. mw. 


A Collection of ſome of the moſt uſeful Theorems in Plain "COIN. ae nel 


THEOREM is a ſpeculative Propoſition, which examines the Properties of Things, and 
wherein ſomething is propos'd to be demonſtrated. 


A CoROLLARY, or CONSECTARY, is a Conſequence drawn from ſomething that has been 
already demonſtrated. 
A LEMMA is a Sort of a Preparatory Propoſition which is brought in on purpoſe to de- 


monſtrate (or — the Demonſtration of ſome enſuing Theorem, or to conſtruct ſome 
— | | | "3 a 


Theozem 1. 


1 a Right Line (B C) ſtands upon (or meets with) 1 Right Line A D) it eithermaſes 
two Right * or Angles * to two Right * 


DEMONSTRATION. 


Ir C4 ſtands perpendicular to AD it makes two Right Angles 
AC d, D Ca, ifitleanas BC, the Angles B C A and BCD take 
up the ſame Place as the two former Right Angles did, and con- 
* are equal to them. 


* 
* 
Fr vs 


Theozem 2. 


Ir two Lines interſect each other, the two oppoſite Angles will be equal. 
DEMONSTRATION. 
. +A=2 Land D B=2L therefore (D being common) 


AGAIN A+C=2LadA+D=2L, therefore (A being — 
common) C = 3 


9f/G/BOMETRY. — 


_Theozem 5. 


A Riohr Line cutting rale Lines makes all the M en Ou equa a=b= c= F 
and e =f = TS ” NV | 


DEMONSTRATION. 


For Q and R being Parallel, the Line 8 T 
muſt have the ſame Inclination to one as it has 
to the other, and conſequently make equal R 
Angles with both. | 


Tux external Angle (4 6) of any Triangle ab e, is equal to the two oppoſite internaÞ 
Angles band c 
_DEMONST R A 7. I O N. 


Draw T parallel to bc, then g =bandh =: (ber the lat) 
therefore g = 4b, but g+h is alſo ＋ to dac, therefore 


dac is equal to Her. a N = = . 
Theoꝛem 5. 


Tae three Angles of every Triangle, are equal to two Right Angles. 


| DEMONSTRATION. 
// CO TR __ b + a= 


2 Theoꝛem 5. 


In a Triangle B C D equal Sides (B C and D C) ſubtend Angles (D. B. conſequent! 
equal Angles are ſubtended by equal Sides, f * 7. ee 


Of G EO MET Rv. 
D EMO NST RATIO N. 


Oi I Nd 66 


Divipk BD in the Middle; at A, and draw the Lune o, which C 
will divide the Triangle B C D into two other Triangles, viz. BCA 
and D CA, which have all their Sides equal, ſo that if the Triangle 
DCA was turn'd round upon the Line C A, until the Angle D*comes 
to lie upon B; then the Line D C would exactl cover the Line BC 

(as being equal in Length) and D A would juſt cover B A, ſo would 
the — and D ** fit or be equal to one mother. 8 


Theoꝛem 7. 


Ix every Triangle the 3 Side ſubtends the greateſt Angles, conſequently me greateſt 
Me ah is ſubtended by the greateſt Side. 


DEMONSTRATION. 


MAKE d equal to hᷣ a, then will the Angles d, and a, be equal 
(by the 5th) but the Angle ca b, is greater than, the Angle da, (by 
Axiom q) now b da is an external Angle to the Triangle # 4c, und 
therefore greater than the Angle at ? (Which is ſubtended by the 
leaſt Side @ b) tho not 1 big as the Angle c 4 (which is ſubtended 


TI cozem 8. 


Ix the Sides of two Trangles are aul, the Angles oppoſite to thoſe equal Sides will be 


equal, for being laid one upon the other they will fit in every Part (ſee the two Triangles of 
the Fi N_ at, to Theorem 6th. ) 


| Theozem 9. 


-Tn a Circle ABC the Angle BDC at the Center, is double the Angle BAC ar the Cir- 
eumference, when the ſame fn of the Circle 1 C) is the Baſe of the Angles. | | 


DEMONSTRATION. 


Ix Figure 1, from A thro D, Uraw A E, then the external Angle B DE = DBAT BAD 
= 2B AD (by the 4, and 6) and the external Angle CDE =D AC+DCA=2DAC 
conſequently the whole Angle B. D C is equal to twice the Angle B A C. 


Id Fig 2, BDCis an external Angle te the ak: D AC therefore equal to D AC + 
DCA= =2 DAC. Hence in RR 3 yon * 3 


* = ale * 1 FFP * „ *. . 5 
* 1 l 
* 1 
+ + & % + *% ap 


= \ ” x W 4% 1 * * A 
. . * A 1 * 
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Theozem 10. 


Ax Angle (D B A) in a Semicircle i is a Right Angle. 55 


DEMONSTRATION. 


From B, draw a Line to the Center C, as BC; then 


; 1 | d+c=2L (by the 1) 
| s a 4 = 25 (by the 4) 
3 | c=24. 
2x3| 4 | dc =2b$24=2L 
4=z2| 5 | b+a= a * 
| i | 


{ 


Theoꝛem 11. 


"bs a Right angled Triangle (QR S) a Perpendicular let all from FOR Right 3 9 to 
the Hypothenuſe will divide that Triangle into two right Angled Ce 1 wil be 


both ſimilar or like to the firſt Triangle, _ to wen 9 2 


DEMONSTRATION. 


LET RT be a 88 then the Angles QT R and S T R are Right, Angles, 1 ; 


alſo d + and p + a are two more, (by tha 59 U sn \ F228 


%\ 4 160 


| # : [{49=L (9 410) 13 Comms ines „ 


Again | 3 dr apy þ « is common therefore =p 


14 
Hencx it appears art the Angles of the three Triangles are equal, and conſequently 5 
Triangles themſelves are ſimilar, ſo it * be as QT: 1 'FR :: TR: TS. — * TS=TR V. 


* 


„ ssen 


Hence it alſo mega, the ſaid Perpendicular is a Mean Proportional between the Seg- 
ments of the Hypothenuſe QT and T 8. 


Ir a Right Line (O W) be drawn in any plain Triangle 2 to one of the Sides, it will 


cut off a Triangle (O A W) ſimilar or like to the whole Triangle 2 AR. 


VN. B. Tnar Triangles whoſe Angles are equal are ſimilar; and the Sides about the 
equal Angles are proportional. 


DEMONSTRATION. 


Tux Line OW being drawn parallel to the Side QR, then 
will the Angle y be equal to r; and Angle g, equal to , (by the 
3) and the Angle at A being common, it follows that all the 

Angles of both the Triangles are equal, alſo that F and H — 
like Parts of A Q and A R, and by Conſequence, as E + F: 
5 3 (H) and * diſſolving the ans 28 it is oh 5 


= Tbtoꝛem 13. 


ALL Parallelograms that ſtand upon the ſame or equal Baſes and of the fame Height (or be- 
tween 28 ſame Parallels) are equal, to one another. | 


: „ DEMONSTRATION. 


Tux Triangles AEC and BFD are equal, for the A 
Side A E= BF and EC = FD, and BC being * 
common the Side A C muſt be equal'to BD; now if No 
from both you take the Triangle B Ce, there will K 
remain the Trapezium A Be E, equal to the Trape- * 
2zium C De F, and if to theſe you add the Triangle 
EF the Sums will be A BE = ECD F. 


14 - * on 
14 


Th eurem 14. 


TRIANGLES which ſtand upon this Mats Baſe EF, and bet 
AD 1 — the ſame Height) are *. <5 ween the ſame Parallels E F and 


DEM ON. 


— 


Of GEOMETRY. 33 


DEMONSTRATION. ' 


TEE Parallelograms ABEF, and ECDF, are equal (by the 13) but the Triangles EAF, ECF, 
are half thoſe Parallelograms, therefore if the Wholes were equal, their Halves muſt be ſo ;(See | 
the laſt F igure.) 8 | | gr, 2 


1 


Theoꝛem 15. 
eim 15 
In a Right angled Triangle AB C, the Square of the Hypothenuſe (or Side ſubtending the 


Right Angle) A C, is equal to both the Squares LA and GC, which are made upon the 
Sides A B and BC that contain the Right Angle. . LEE 


DE MONSTRAT ION. 
Tu E Angles I AB and F 4 C being Fn Angles, and CAB 
Common, Then CAB+IAB=IA 1 SI 
CNET CAB+FAC=FAB therefore IA C F AB. 
Bur the Sides AI and A C, alſo A B and A F about theſe 
two equal Angles are equal, therefore the Triangle I A C 
dF AB are equal. Now the Parallelogram AF 2 
F AB (by the 14) and the Parallelogram AL=2IAC, IF. 
therefore the Parallelogram A L is equal to the Parallelo- N 
gram A E, and in like manner the Parallelogram EC may 
be prov'd to be equal to the Parallelogram G C; therefore 
the Whole FC ALT GC. R 5 


7 73 or. 
Another Yay to demonſtrate the Truth of the ſame Theorem from Sturmius's Matheſis Enucleata. 


In the next Figure A TI is the Square of the Side AC, AL, ſquare of the Side A B, and | 
B D the Square of the Side B C, which he proves to be equal to the other two Squares AI 


: * 
9 
. 
* 
, . 


and AL; thus, 


HAVING made the Squares, and drawn the pointed 5 
Lines, as in the Figure, you may ſee that the Triangle EA. 
B AE is common either to the Square A L, or Parallelo- - 
gram EFG B, and therefore it is the Half of either, conſe- 4 — 
quently they are equal, ſo the Triangle C A D being com- LX 
mon to the Square A I, and Parallelogram FD GC, is half 
either of them; therefore they are equal, Sc. © be. 


| .. ˙ 1 has - Fs 
A Third Demonſtration of Theorem 15. 
Havins let fall the Perpendicular b o, it will divide the Triangle 45 c into two ſimilar 
Triangles a ö e, and ch o, which are alſo fimilar to the given Triangle 4 c (by the 11); there- 
fore it will be | 
| F * Again 
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agXaopifXcomacn 3 : 

acl =ba ON +. 4c O as by the two former. 


ELISA OI 

— * * s vo,» 8 7 ® 

*. * «> * 5 „* „% * 5 „ 

„ „ ee Wees 5 % „ „ 
* 


9 
„ „%% „„ „„ „ ee 
oo 0's» „ 
„ es - «Yo» „ 931 
„ „„ * „0 8 3 r 
rr 
OIL TIONS 
„„ „ „ % „% „% „ % To of > 
O „„ „. K n, 9 
Daene 
„ „% % %% „„ 0 
rn © „ „1 
ARYA TE enn 
So va, US's - 
A » 2A None 0% 


a a. 
"© 
"2 


, , 
„ 
241 


. Ce 

ATTEEILIEIE ILSS 4300 + 

27822227221. 
22833222825. 
* 423822 222223 


. 
geen. 
„renne: een 
rer 

net 


* 
LEE 
* 


5 
CET 
© ff 
C4 OS > 


- 4 
2522222722297 


N 9 —— "wh = h 
Theozem 16, 
5 Ir a Line (BF) divides the Angle B into two equal Parts, it will be as FE: BE: FA: 
DEMONSTRATION, 
Cox rIx uE AB to C, until BC=BE join the Points o 
C E, and draw B D parallel to A E, then will the Tri- | ., 


angles BCD and AB F be ſimilar, conſequently BD 
(=FE): BC(=BE).: FA: BA asabove. 


* py 


Theozem 17. 
Al Angles in the ſame Segment (4 þ d) are equal. 
__ _DEMONSTRATION 
1 | The Angle b ad = © ) : 
K-51 ny (by the gth.) 


| 2 


12 33% bedde¹ Axiom.) _ 


07 OBOMETRY. N 


Theoꝛem 18. 


1. LIxxs in a Circle (25. de) cut themſelves proportionally. 
2. AnD their Parts make equal Rectangles, viz, 4 · * be ce Te. 


DEMONSTRATION. 


Jon the Sy c. b. and a. d. 


- 


then ji] £ (by the 2.) 1 5 

, 77 7 (by the 17.) | Thertore the Triangles 757 and bee ſimilar. 
43 : di. g ; I 
42. J aexbe=cexde, 


Theoꝛem 19. 


Ir a Right Line (ag) touch a Circle, and from the Point of Contact b) 2 Lines 6 d hc) be 


drawn, they will make Angles with the Tangent (4 7 equal to thoſe in the alternate Segment, 
that is, abd bet and cbq cab. 


DEMONSTRATION. 


Dx aw the Diameter he, and the Line e, then 
i| 2be=bce (ſee the 10.) both being Right Angles. 


2 | % Sec d, both ſtanding on the Arch e@ Op. 17. 
112 13 abe+ebd=bcebecd. 
but 14] abdebebd=abd 2 ED : 
and 5 eee bed. . 1 
4 = 5 j © 


abd = bed. 8 . | ba 


„ 


* 4 3 — — 


AGAIN, | 7 che 4 . POW 
nn s e Te. } Hence cob = 54. 
Bur Jof ce = A (hy the: 17.) Therefore db =  cbg. 


1 þ 


2 
1 
- 


4 | ___ en "th yp * | 95 54 — * Wo 
" 4 a F 88 5 j *4 þ a $ , : * 
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Thtoꝛem 20. 


Tk Rectangle of the whole Secint r into its external Part 24, is equal to the Square 
of the Tangent da, drawn from the End of the Secant, i. e. caXae=adXad= 
a a 2. | | | | 4 | 


DEMONSTRATION. 


Dr aw the Diameter 4p, alſo the Lines de, de, and p e, then will pda and ped be Right 
Angles, and :d4@ and dea ſimilar Triangles ;: for the Angle dac is common to both, 
_ way jog F | a 1 . 1 
pde Leda = [L 3 oO 6 he 17.) then 
* N F therefore eda=dpe. PF; gn pb bt l N 7 ) £ 

Now having prov'd that two Angles in one Triangle, are equal to two Angles in the other, 
the third in each muſt be equal, as being the Complement of the other two to 180 Degrees 
(or a Semicircle) ; ſo then it will be as ca : da:: da: ae ,.caXaec=daXda=dalh. 


5 


. m 


Ir two Right Lines c# and 9a, be drawn from a Point () out of the Circle (ſee the laſt 
Figure) the Rectangle of one whole Line (c a) into its Part out of the Circle (e 3) will be equal 
to the Rectangle of the other whole Line ( 4) into its Part (za) out of the Circle, that is 
caXea=9qaX ta. Then it may be as ca: fa: ga Ag. 1 


DEMONSTRATION. 


Ir was demonſtrated by the laſt Theorem, that c a Xe a da U, it might be demonſtrated 
in like manner that qa Xx = da ; But Things that are equal to a third, are equal to 
one another. Hence it follows, that ? a XH NX ea. 


Theoꝛem 22. 


Ix a Triangle (A BE) be drawn in a Circle, and from any Angle thereof you draw a Line 
(AD) at Right Angles to the oppoſite Side (E B) it will be as that Perpendicular is to one of 
the Sides, including the Angle ; ſo is the other Side, including the ſame Angle, to the Dia- 
meter of the Circle (i. e. AD: AE:: AB: AC). 

| DEMO N- 


D * = " 4 : . 2 7 * „ 8 4 
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Of GEOMETRY. 
DEMONSTRATION, 


Draw the Diameter A C, and join BC, ſo you have two Right 
angled Triangles A DE, and ABC, which are alſo ſimilar, becauſe 
the Angles AED, and ACB are equal (by the 1 2) conſequently 
E A D and CAB, muſt be fo; hence it will be AD: AE: AB: 


AC. * 


Tu oppoſite Angles (A C, D B) of any fon ſided F wine inſcrib'd in a Circle, are equal to 
two Right Angles. 10 a 
DEMONSTRATION. 


Draw the Lines A C and DB, then ADC is a Triangle whoſe 
three Angles are equal to two Right Angles; but DAC DBC, //, 
and DC ADB A; therefore ADC+DBA+DBC=2L. DC. 


I rx any four ſided Figure (A B CE) be inſcrib'd in a Circle, the Rectangle of the Diagonals 
(EB Xx AC) is equal to the two Rectangles of the oppoſite Sides (i. e. of BCN AE+ CE 


DEMONSTRATION... 
MAkkE the Angle EA D equal to the Angle BAC (by Prob. 8) and it will make the Tri- 
angle ADE like to the Triangle A B C; for E A D was made equal to B A C, and AED = 
AC B (by 17); therefore ADE = ABC (by the 5) ſo it will be AC: BC:: AE; ED, 
therefore B UX AE 5 „„ JV 
* ED. © | 


AGAIN, the Triangles ADB, and ACE, are like ; for the Angle EAD = BAC, and 
CAD being common, therefore EAC DAB, alſo AC E ABE (by the 17) and con- 
ſequently ADB AEC therefore it will be AC: C E:: AB: BD. Ergo CE X AB 

BD. 
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be demonſtrated. 


Theoꝛem 2 5. 


I 260) 


Lew the Line A B, be divided into two Parts, 212. a and b, whoſe Sum 
is a ＋ , the Square of whick i is aa + bb + 2 ab that is the Square of 
each part, and alſo a double Rectangle of the Parts, as yu may ſee by 
the Fi igure. | 


Theoꝛem 26. 
more than the Squares of the other two Sides by 27 d. 


DEMONSTRATION. 


aa =64 + ce + 2d by the Theron, 170 
1 a = Tee ＋2 (b the 2 
. ö L (by the 25) 
1 5 | v= bÞ=ic+2cd ; | 
3+%6]| 4 05 18 30G which wasto be demonſtrated. 


DEMONSTRA T I O N. 


BD. But E D4+DB=EB, hence BC X AE+CEXAB=EBX AC! which was to 


is a Right Line A B be divided into two Parts, the Square of the whole Line is equal to che 
Square of both Parts, and alſo a double — of the Parts (7. e. AB QU = 44 ＋ 5 


4a. +8 
ab [45 
ab. 


aa 


In an obtuſe angled Triangle (abc) the Square of the ne 15 Bong obtuſe Angle i is 


IN an acute angled Triangle the Square 555 any Side (B ©) Pp?" IR any of 4 Angles 
(as A) is equal to the Squares of the other two Sides (A B and AC) comprehending the acute 
Angle BA C. Leſs b 5 double Rectangle contain'd under one of the Sides A C upon which 
the Perpendicular B falls, and a Segment A D taken from the ſaid acute Angle B A G to the 
Perpendicular B let fall from the vertical Angle at B. 


DEM ONSTRAT TON. 
a =cc+bb—2bxby the Theorem. SE WL 


I com xx BDU 
2 4 A800 
12 2 3 | aa—bb+2bx—X##=C—xx 
3+x* | 4 i aa—bbp2bx=cc . 5 
4 + 3 | agzce pSbb—26bxs 
} | 


In every * (or four ſided F W the four 415 taken together make four 


Right Angles. 
DEMONSTRATION. 
LerT the four ſided Figure be ABCD, draw DB, whith - | 


ſhall divide the Figure into two Triangles, each being two 
Right Angles bs the 5) then both has four. 


* 


Theozem 29. 


ALL the Angles of every Right lin'd Figure taken together make twice fo man ht 
Angles abating b, as the F. igure has Sides. ny Rig 


% 


40 _ OA GEOMETRY. 


DEMONSTRATION. 


LzT the Figure be that next following, conſiſting of eight Sides: Then 
having drawn Lines from any Point (as p) to each Corner, by them you 
will divide it into eight Triangles, each of which has two Right 
Angles (by Theorem 5.) that is 16 in all: But the Angles about p are four, 
which take from 16, and there will remain 12, equal to the Right Angles 


made at the Perifery of the Figure, agreeing with twice the Number of 
Sides, wanting four. Eh 


Theozem 30. 


ALL the external Angles of any Right lin'd Fi gure whatſoever taken together, do make four 
Right Angles. 5 5 


' 


DEMONSTRATION. 


In the following Figure each internal and its external Angle © 
make two Right Angles (by Theorem 1). that is (in this Cale) 
12 in all: But by Theorem 29, the internal Angles are only Eight, 
therefore all the external Angles are but four. ; "A 


Theozem 31. 
A CircLE contains more Space than any F igure of equal Compaſs (i. e.) a Line, when put 


in the Form of a Circle, contains more Space than when put in the Form of a Square, 
Triangle, Sc. | | | 


DEMONSTRATION. 


Let | 1 | ab=c==dq 5 a TO 
1X8 | 2 | 8c =the Gircumference of the Square, or Circle. 
2 = 4 | 3 2c = FG the Side of the Square. e | 
3 & 2 | 4 | 4cc= the Area of the Square. 

Let : | £5 4 — + 3, 

then | 6 4c = +7 is half the Diameter of the Circle. 
2» 7 | 7 | 4 c = half the Circumference. 


nnn 1 


5 ee ct, Hence it e t le ex- 
e ay Wy 4 at the Area of the Circle ex 
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LE B C be thePerpendicular; Fe? the Center D, dray 0 
che Secant DC, the Angle DBC is a Right Angle, and 
therefore greater than the Angle at C, therefore the Sub- 
tendent D © js greater than B (b . | 


quenfly the Point C is without the Circle. ſame Reaſon 
will hold good for all Points e C and B. W. W. D. 


4 25 « ＋ : 
A = 1 rt 4 


Ch eo2em 33. 


Tre Angle (da b) of ® Radius (da) and Circumference, is n than any acute Angle | 
(ds ez therefore it is a Right one. 


DEMONSTRATION. 


Draw de perpendicular 903, then he PRO FO is a Right 
— greater a e its Suhtendent 4 a, 
8 * e, ſo 475 —— fall within the Circle ; and by 
Conequeoe th ence the Angle da e js'byt a Part of d ab, and fo leſs than 
it. 
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Refangles er Produt?s, having one Side common, are to one another as the other Sides. 


Lan the Products be a b, and a i having one Side a 5, common. 


'Then b cu ab: ac | N 
. bac=bac, W. W. D. EL - 


Mon ct Parallelograms, and conſequently Tranges 0 chat have the ame Height, are to one 
another as their Bafes, 


— 


Ir a Line A B be divided any how into two ) Parts, as. AC bd nc the Rectangle contain d 
under the whole Line A B, . one of its Parts (ſuppoſe CB) is s equal to the Square of the 
ſame Part, and the Recke contain'd under both Parts. 


5 E N ON 15 Fi yh R ATT N 3 


1. Lx r the Line AB be divided into two Parts in C, make a Square A E, whole tide aun be 
the given Line A B= BE, and from C let fall the Perpendicular CF; ſo BF is "pe BE angle 
ot the Part CB into the whole Line R E. n 
2. Maxx BD = B C, and draw D H parallel to A B. then CH 5 A a ee oh 

(SL the Rectangle of the Parts A C, and CI, to which [© 

3% x ada and the Sum will be the Rectangle A B = | 

CE WWD 1 1 D 
S | OY —— ö 


. * 4 * 
wh fo 72 FT 725 Pp be Se fe ; 2 
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Of GEOMETRY. © 43 


[ 1 22 =bbÞ+ce(by r5.) 
1e 2 131 
5 443 
3 F [AI = 
n D SPR =D er by 11.) 
and 16 4d =D-fxf=DFf-F. a A 
2 and 5 by Subſt, | 7 De- a = | 77. — 
7 ue 1 8 5 P 1 
and 6 by Sublt. | 9e = r 
" 0+ f 10|Df=ee 1 
8 and 10 11 cif aa: ee. (b f 955 
TIE ſecond Part is proy” es ae 34) Steps. Fez 4 | / 
2 + - 
% 5 


__— . 


Ir any Right Line B E biſſect any Angle, 2 as A _— C of the Triangle ABC, I fay the Square 
of the Cid Line B E ſhall be equal to AB x X E 2 See Neuuton 8 Univerſa Arith- 
metich, Page 90.5.) 


DEMONSTRATION. 


Haves defcrib'd a Circle about the Triangle, and continued out the Line BE cl it cuts 


the Circle in D, and drawn the Line D C, the Triangle A B E and * CD will be fimilar, becauſe 
equiangled ; it wil therefore be, 


IAB: BE: + DB: BC 
ABxBC=BEx DB. 
Again, AEX CE = =BE x DE (by Theor. 18.) 


1 
3 
and [+4 BD«xBE=BE+BE » D E (by 35.) 
2 and 4 by Subſt, £E AB xBC=BFE+BExDE. | 
6: 
7 


3 and 5 by Subſt. 6 ABN BC=B# +FAE x CE 
2 193 Al 
|/LBE=ABxBC=- AExCE. W. w. D. . 


I *. 


Of TRIGONOMETR Y. 


. * + x * 7 
1 a * 

% a 4 N 1 — * BY 

*- >. . boy 


ard rxrꝛxꝛxꝛte 


44 


- 


* * — * „ — — 
—— 48 : y ko ; PR * 
= : 4 „ 4 C ow 4 


Of a Circle, and ſuch of its Parts, as are of moſt Uſe in Trigonometry, Aſtronomy, 
0 Navigation, Dialling, &c. | 


E VER Y Circle, (as was ſaid before) of what Radius ſoever, is ſuppos'd to be divided 
into 360 equal Parts, called Degrees, c. And there are ſeveral Right Lines ſo related to 
theſe Degrees, &c. as to be called their Sines, Tangents, Secants, or verſed Sines, as in the next 
Figure, where 1 | 


AF Diameter. : 

HF Radius, or Semidiameter. 

DI Chord of the Arch DF I. | 

DG Sine of the Arch DTF. 5 
De Sine Complement of the Arch DF, or Sine of the Arch LD, 
HE Secant of the Arch DF. = Hoes 
FE Tangent of the Arch D F. | | 
GF L Verſed Sine of the lame, 


Now becauſe theſe Lines, with ſeveral others hereafter mention'd, are of frequent Ute, there- 
fore they are commonly put upon Scales, and divided either by a Line of equal Parts, and the 


Tables of Sines, Tangents, Secants, &c. or from a Circle actually divided into 360 Degrees, 
according to the Directions cp | * | 360 TI 


| To make the Line of Longitudes AN. | 
Divipe the Line WB into ſix equal Parts, 1, 2, 3, 4, 5, B, and from each Point let 
fall a Perpendicular, until it meets the Quadrant AB; then place one foot of your Compaſſes 
in the Point A, and with the other transfer the Points where thoſe Perpendiculars interſect 
the Arch to the Line AN; fo will you divide it into its primary Parts; but for the Minutes 
you muſt divide each fixth Part of the Line W B into ten other equal Parts, and then transfer 
them to A N, as you did the primary Diviſions, | n 


8 


= 


a ” 
1 9 — 5. = - 1 - * — 


of rRNTO ONOMETRY. +45 


To mate the Line of Rhombs AB. | 
Drvipe the Quadrant AB into eight equal Parts, and each of theſe into as many equal 
Parts as you pleaſe, hy our is enou gh) then ſet one foot of your Compaſſes in the Point A, and 
with woe other transfer thoſe Divit iſions from ne Quadrant to the Line AB, and ſet Figures 
to * as in the Diagram. 


To make the Line of half Tangents CH. | | 
Lay a Ruler upon the Point A, and over every Degree of the Quadrant B E, and where 
it interſects the Line C H, make Marks agreeable to thoſe in the Arch or Quadrant and 'tis 


done. 
To make the Line of Chozds BE. 
Drvips the Quadrant BE into 90 equal Parts, then ſetting one foot of your Compaſies 
in the Point E, transfer thoſe Diviſions. to the Line B E. | 


To make be Line of Tangents E F. 
Lay a Ruler upon the Center C, and upon every Dares of the Arch BE, and where it 
interſects the Line E F make Marks, and ſet Fi igures to them, as in the Scheme. Jon 


To make the Line of @reants CF. 
SET one foot of your Compaſſes in the Center at C, and extend the other to each Degree 
of the Tangent Line, which transfer to the Line C F and — it with the ſame Fi igures 
that the Tangent Line i is mark d with, 


To make the Zine of Sines 1 
Diving the Quadrant DE into go equal Parts or Degrees, beginning at E. and ending 
wich 90 at D, and alſo the Quadrant A D into go equal Parts, beginning at A, and ending 
at D as before. Then, if you lay a Ruler at 10 in the Quadrant E D, and alſo on 10 in the 
Quadrant A D, it will cut the Line CD in a Point, 3 Sine of 10 Degrees; and 
fo you may ahem er all its other Parts. woe 


To make the Line 2 Latitudes E D. 

- Lay (ene A, and e CD, le 

it interſects the Quadrant D E, ou may ſet es agreeable to thoſe in the Line of Sines;- 

then ſet one foot of your Compaſſes in the Point E, and with the other transfer log accom 
nnn, adage and figure it as inthe Scheme. 


To make an | Hiur Scale, or Line qr, to be urd in Dialling, with the Line 0 Lemos 
above deſcrib' d. 

Taz Line of Tangents F E being already made to the Radius, CE =D q = * r, take 
thence in your 8 the Degrees and Minutes, as the ſecond Column o* * following 
Table dirests, and la 15 them ſeverally from D, both Ways, towards q, and r; fo will the Line 

be divided into the Times expreſs d 5 the firſt and third Columns of the ſaid Table. 
N. B. Tnar if you have not a Tangent Line already made, you may ſet the ſeveral 
Degrees and Minutes by Help of your Line of — as you have them in the ſecond 
Column, and lay them upon the Quadrants D A, and DE from D; then lay a Ruler upon 
the Center at C, and thoſe Points, and it will cut the Hour-Line in the Points required, as 
you ſee it t mark'd or figur d. 


4 TABLE 


4 TABLE 4 fw wht Nr ak. Ah, wok b ft of form D, 


** 


7 that Line, or having firſt made the Line of Chords B E, e thence the Chord of 30 45 


os * 30 winnen, con tra. 


grant E D, and make Marks where it cuts the Line A E, do the ſame by the Quadrants * 


3 RIGONOME 2 i 


both Tn towards A and E, 10 make the Hour Line q 
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To mak the Hu-ln A D, to „ divide a Git i int 1 18 * 17d when 2 Dial i is ts be made 
by the Line of Contingence,-&c. 


ume the n AD into ſix equal Parts, and ſetting one Foot of your Compaſits in 
the Point A, transfer thoſe Parts to the Hour-line A D, ſo will have the pri ' Divif 


119 15 15* oo' 18* 45' 229 30“, Cc. Still adding 32.45 » until you come to 90“, 
Tra fee them ſeverally off from A towards D, fo will the Line be divided into every quarter of 
— Hour. Hence you ſee, that by Help of this Line, and the Line of Chords, you may re- 
duce Time into Degrees of the Equinoctial, or Degrees of the Equinoctal into Time; as thus : 
Suppoſe you would know what Time anſwers to 37 30', take this in your Compaſſes'out of 
the Line of Chords, and apply that dcr to the bout ine from A, ——_ wal f ton 12 FORO 


Z 1 1 5 | To mal the Tine of verſed Sine. ps 
Lay a Ruler upon every Degree of the Quadrant E B, and the ſame Degrees of the Quz- 
and E tothe Dinning ofthe Line K, then figure a9 you ks 
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Tx foregoing Method of making the Line of Longitudes, Rhombs, Cc. (which we did 
begin with, becauſe they are the firſt in Order in the Diagram) depend originally upon the 
Circles being truly divided into 360 equal Parts. or Degrees; but this being ſo hard a Task, 
that there are few who ha pe i chat Have .finiſh'd; with Satisfaction. And if that 
was exactly done, yet the LWey tate propos'd is metdufficiently exact, thq' it 


does make what js intended plainer to'A' Learner than by Tables: But that he may have his 
Choice, I will inſert ſuch Tables as may be moſt convenient for his Purpoſe, and the Uſe of 
them in the eaſieſt Manner that we can. Now before we can begin this, we muſt have a Line 
of cqual Parts in Length to the Radius of the Circle (ſuppoſe C E) and truly divided into 100, 
or 1000 equal Parts; but as ſuch a Line is not eaſily made, you may inſtead of that, make 
uſe of the Line of Lines, upon a well-divided Braſs Sector (wooden ones being apt to warp) ; 
then taking the Radius of the Circle in your Compaſſes, ſet one foot in ro, at the End of the 
Line of Lines, and open the Sector ſo that the other Point may fall upon 10, on the other 
Leg of the Sector; ſo will it be fitted for that Radius. 1 


A TAB LE to divide the Line of Chows to every Degree of the Quadrant, drawn from 
Sherwin's TABLE of Natural Sines, and thence may be made to what Number of Degrees 
and Minutes you pleaſe. ; . 2 5 
3 A Cnorp is the Natural Sine of half the Arch doubled. 3 
| Exam. if you double the Natural Sine of 6. 15% 25% 30% you'll have the Chords of 
12%. 30%f 50%. 60 Degrees. Thus 1045 is the Sine of 6 Degrees, which being doubled 
is 2090, the Chord of 12 Degrees, ſo the Sine of 159. is 258,8, this doubled is 518, the 
Chord of 30 Degrees. And fo for the reſt as in the Table. SE. 


—_ — 
W - 


; „ ga 
| 534 | 6r | 0x5] 
| 587 | 62 | 1030 
315 1045 
| 5s. 6 105 
5 | Gor 1074 
35 | 67 1104 
651 681118 
een 
700 711er 
| 717 [| 72 | 1176 
| 733 | 73 1190 
| 749 74 1204 | 
| 7655 | 75 | 7217 
| 781 761231 
1297 77 
813 
| $37 
1845 
861 
876 
892 
908 
| 923 | 
939 
954 
970 
984 
1000 


0% TRIGONOMETR: 


Taz Table being finiſhed, draw the Line B E in the Diagram for 
having divided a Line equal in Length to the Radius C E into 100d; 0 | 
thereof take the Radius CE in your Compaſſes, and open the Sector ro Mat Extent: 

directed; then er. Du would lay on 30 Degrees upon youf Line of Hhords | 
in the Table 282 egrees is 518 ; take this in your Compaſſes from the Sector, an it 
down upon the Pere Fol 
the Number in the Table againſt 4 * 765 ; take this in your Co bor, and 
lay off that Extent upon the Line BE, from E to 45: And ſo for | I Me 5 


- 


ine Pf Chords from E to 30. Again, Suppoſe yon gould put on 45 
e the 


eſt. 2 
122 22 
3 


A TABLE for the Angles which every Rhomb makes << the Meridian, and the Chords of every 


Ryarter of the Compaſs. 
[North. | South. | Deg. Min. See. Chords South. | North. Parts. 
4 Wh. 48 45 1 1 | | 
- © $7. 9 ve [1 
| 8 26 15 147 | 
N-4E| SZz+E{ II 15 oo 195 [SEW N4W I 


| 47 48 45 | Fri | SW | NW 2 


5 26 15 99 
3 '59 03 45 | 985 ee We? 


| 8: 33 45 | 1305 [W3S|[ WEN | 5 | 
| 384 22 301343 HEE: Kd EY 
87 11 15 | 137 


Eat | Fat | E. oo oo | 1414 | Wet | Wet | 8 * 
Tur Chords in the fourth ech are double the Sines of half the Arches that ſtand in the 
third Column againſt them thus : Suppoſe I want the Chord of 22%: 30“, its half is 11*: i + 
and the natural Sine of 11: 15”: is 195, which being doubled is 390» for the Chord of 220 
30. So if you would have ths Chord of go Degrees its half is 4.5* : oo, and the natural Sine 


of 45* : 00', is 707, the Double of which 1 is 1414: And fo of any other, as you may ſee was 
done in compoſing the Table for the Line of Chords. 
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Of TRIGONOMETRY. | 


Now to-make the Line of Rhombs A B, 8 the Diagram) Fr : 

1. TAKE the Radius A C in your Compaſſes, and ſetting one Foot in 10, at the End of the 
Line of Lines on one Leg of the Sector, open the other ſo wide that the other Foot of the 
Compaſſes may fall in 10 at the End of that. e Ws 
2. Tarn, ſuppoſe you would ſet the firſt Point upon the Line of Rumbs, take the parallel 
Extent of 195 in your Compaſſes from the Line of Lines, and ſet that A to 1: Again, if you 
would put on the third Point (the Sector remaining as before) take the parallel Extent of 580 
out of the Line of Lines, and ſet that from A to 3, upon the Line of Rumbs: And ſo on with 
the other Points and Quarters. Nw Tf ro | 


A TABLE i divide the Line of Longitudes AN. 
| Min: Chords, | Min Chords, 7, Min. Chords, | 


— — 


O OO On Þ WON = 
Q© 
+> 
— 


— „ 


I: 79 26 31 58 53 31 $3: 45 
12 78 27 | 32 579 46 | 52 29 $8 
13 % 29 |[:83 36 3%; | $$ 27 99 
14 76 30 34 55 2 54 25 53 
1 35 36:4 $3. 23 -.33 
16 74 31 | 36 53 69 | 56 21 85 
79-434 39 51.56 57 18 13 
19 12. 3% 38 50 02 58 14 50 
19 71 32 | 39 49 26 | 59 10 26 | 
20 no 31 go 48 11 ' 60 oo oo | 


\Tr1s Line is divided by help of the Line of Chords: Thus, ſuppoſe I would put ro Mi- 
nutes upon the Line of Longitudes, I look in the Table for 10/ in the Column of Minutes, 
and againſt that I find a Chord of 80“: 24' which I take in my Compaſſes out of the Line of 
Chords B (in the Diagram) and then ſetting one Foot in the Point A, I lay the other towards 
N, and it will reach to a Point in that Line which I muſt mark with 1o. | 

AGAIN, to put on 30“, I look in the Column of Minutes 30, and againſt that I find 60® 
oo', which I take in my Compaſſes out of the Line of Chords, and lay that Extent from A to- 
wards N, and it will reach to a Point, which muſt be number'd with 3o', &c. . 

TEIS Line of Longitude is to find how many Minutes of the Equator go to make one De- 
gree of Longitude in any Latitude. Thus, ſuppoſe I would know how many Minutes of 
the Equator will $0 to make one Degree of Longitude in the Latitude of 50 Degrees; take 
in your Compaſſes 5o Degrees out of the Line of Chords, and that Extent being laid off from 


4. the Line of Longitudes, will reach to 38 Minutes, and a little above an half for the 
Anſwer. | r W e ct 


4 TABLE 


OFT RIGONOME TRY. 
4A TABLE to divide the Line of Latitudes D E. 


[ De F Parts. - Deg. 


Deg. Parts. | 


5I 


g. Fart. | Deg. Parts. | Deg. Parts. | Deg. Parts. 
1 247 | 16 3758 | 3: 6475 | 46 8259 | 61 gzir | 8 9924 
2 403 3 3969 32 6622 | 41 8348 [ 62. 9360 | 8 — 
3 739 | 18 41976 | 33 6764 | 48 8436 | 63 9408 | go 1 0 
4 984 | 19 4378 | 34 690 | 49 8519 | 64 9454 
1230 5 20 4897 35 7036 50 8600 65 9496 
| "| 1470 21 41772 | 36 7186 | 5r 8678 66 9529 
13 22 4961 | 37 7292 | 52 $753 | 67 9578 
1949 23 5146 38 7414 52 8825 68 9615 
9 2186 | 24 5328 | 39 7532 | 54 83895 | 69 g651 
10 2419 | 25 5505 | 40 7647 $55 $8962 | 70 9685 
It 2650 26 5678 41 9785 | 56. gor6 z 9945 
| 12 '2879 | 27 5846 | 42 7865 | 57 9881 | 74 g8ar 
| 73 3109 | 28 Goro | 43 7968 | 58 gi47 | 75 98265 
14 3325 29 6169 | 44 8068 9 9203 76 9846 
_I5 3543 | "20S" 'O32%< | 45 $165. t- 80 9258 | = 9888 i 


\ Taxz the Line DE in your Compaſſes, and ſetting one Foot in 10, on | the Line of Lines 
upon one Leg of the Sector, open the other ſo that the other Point of the Compaſſes may fall in 
10 at the End of that, ſo is the Sector fitted for dividing the Line: Thus, ſuppoſe you would ſet 

on 30 Degrees; look 30 o in the Table, and againſt that you will find 6325, which take in 
your Compaſſes from the Sector, and lay that from E to 30, and ſo for the reſt. 

Tris Table was calculated thus, 

As Radius is to the Chord of go Degrees (equal to D E in the Diameter); ſo are the Tan- 
gents of the reſpective Degrees in the Table to the Tangents of other Arches ; then the na- 
wr Sines of theſe Arches are the Numbers, or Parts to be ſet againſt the Degrees, as in the 

able. 

ExAMPLE, Let it be rogues to calculate for the Diviſion of rs Degrees. 


9,8494850 


To the Sine 45 Degrees — — 

App the Logarithm of 2————— — 0, 3010300 

THe Sum i is the Chord of 90 Degrees — — — 10, 1505150 
Tux, as Radius is to the Chord of go 8 —ä— 3 10,1505 150 

So is the Tangent of 15 Degrees 9,4280525 


To the Tangent of 20˙˙245— — 958755675 5 
8 ny the natural Sine of 20%: 45“ is 3543, as in the Table againſt 15 Degrees and ſo for all : 
there | 


| A TABLE to divide the Line of natural Sines CRE”. 
. | Deg. Sines | Deg. Slnes | Deg. Sincs | Deg. Sines | Deg. Sines | Deg. Sines 
1 17 | 16 236 | 31 5:5 | 46 719 | 6: 8s | 76 970 
+. --:46 1 292 32: $30 1% 62 U | 35 994 
3: 43 18. 309. | 33 565 :} 4 743 „% 394. | 7# - ns 
1 3 19 326 | 34 559 | 49 755 | 64 899 | 79 g82 
5 y. 120-348 35 574 co 766 Gs 906 80 985 4 
6 105 21 358 | 36 588 51 777 [ 66 974 [81 g88 
2.123 "LW 37 602 52 788 67 921 82 990 
8 139 . 23 391 38 616 | 53 799 | 68 927 | 83 993 
9 156 24 407 39 629 54 dog 69 934 | 84 995 
10 174 25 423 40 643 55 B819 70 940 8. 995 
11 191 26 438 41 656 56 829 71 946 | 86 997 
12 206 27 454 [ 42 669 567 829 2 951 | 8 999 . 
13 225 28 469 | 43 682 58 848 | 73 936 | 3 999 
— 1-0 485 44 695 59 857 | 74 961 | £9 1000 
e 30 500 | 45 707 60 866 7s 966 | go 1000 | 
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Tax the Line CD in your Compaſſes, and open the Sector ſo wide that 10 and 10, at the 
End of the Line of Lines upon each Leg may anſwer to this Extent, then ſuppoſe you would 
ſet 10 Degrees upon the Line of Sines, look for 10 Degrees in the firſt Column of the Table, 
and againſt that you will find 174, take this in your Compaſſes out of the Line of Lines, and 
ſetting one Foot in C, turn the other towards D, and it will fall upon a Point at which you muſt 
ſet 10, for the Sine of 10 Degrees. 5 5 

As Alx, for the Sine of 45 Degrees, find this in the fifth Column, and againſt that in the 
ſixth you have 707, which take in your Compaſſes out of the Line of Lines, and ſet that Ex- 


tent from C towards D, ſo will it fall upon a Point, at which ſet 45, for the Sine of 45 De- 
grees, Oc. | x | 


A TABLE t divide the Line of verſed Sines A E. 


Deg. Ver. Sines | Deg. Ver. Sines] Deg. Ver Sines Deg. Ver.Sines | Deg. VerSines Deg. Ver.Sines 


— ——œ—cg 


— 


— __— 


| | — 1 — 


i + 1 16 3 | g3*t- 148 | 46 T. © 5 | 96 vob 

2 6 1-15 N 1949. | , © 2450 "$03 = $985 --f 7 7750 
3 t4 |. 19... 489 | -M | 4 - 3300 Ä "$48. 1-9 921 
4... 24 | -I9 545 | 34 1799 | 49 3439 64 5616 | 79 092 
C 36 -} "x0.  Goz 1 3F i108 |. co 3572-7 64 $94 | 00" Rn | 
6 55 21 664. 36 1910 51 3507 66 5932 81 8426 | 
$ 1 22 728 | 37 2013 $2 3843 6 6092 82 8608 


| . 97. | 23 9795 | 35. - 2120 | 53 3982 | 68 . 0254 | 83 2785 
HB 9 123 24 864 30 128 [44 4122 | 69 6416 84 8955 
| 1b 52 „ :937.1.49 2339. -| 35 4264 | 70 O5fo. | 85 gras 
| 3 - 184 26 IO12 41 24732 56 4408 | 71 6744 86 


9302 
12 218 | 27 1090 | 42 2508 | 5 455372 6910 87 9476 
13 256 2 1190 43 2686 58 4701 | 73 106 | 8 9651 


14 297 | 29 1254 | 44 2806 | 59 4849 | 74 #7244 | "8g 5826 
1 5 341 30 1240 45 2920 50 coo | 75 7412 go 10000 


TaKE the Radius A C, or EC in your Compaſſes, and open the Sector ſo that 10 and 10 
at the End of the Lines upon each Leg may anſwer to this Extent, then ſuppoſe you would fet 
30 Degrees upon this Line againſt 30 Degrees in the third Column, you will find 1340 in 
the fourth; take this in your Compaſſes out of the Line of Lines, and ſetting one Foot in A, 
turn the other towards C, and it will fall on a Point in the Line A C, at which ſet 3o for the 
verſed Sine of 30 Degrees, and with the ſame Extent ſet one Foot in E, and turn the other to- 
wards C, ſo will it reach to a Point at which ſet 150 for the verſed Sine of 150 Degrees. 
AGAIN, if you would ſet on 70 Degrees, look for 70 Degrees in the Table, and againſt that 
you have 6580, which take in your Compaſſes out of the Line of Lines (the Sector remaining 
as before) and ſet that Extent from A towards C, and it will fall upon a Point, where ſet 70 De- 
grees; with the ſame Extent ſet one Foot in E, then turn the other towards C, and it will fal! 


on a Point in the Line E C, at which ſet 110; where note, that the Degrees on E C are the 
Complements of:thoſe on the Line A C to 180 Degrees. cs 
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4 TABLE rv divide the Line of Secants CF. 


3— 
<a. r 


Deg. Secants. Deg. | decants. , Deg. Secants. | Deg. decants. j eg. Secants. 
5 1000 191 T1058 | 44 | 1252 G 174 73 3420 
3 1001 20 | 1064 33 1269 50 1788 74 3628 
3 1001 21 1071 39 1287 57 18236: 75 3864 

4 4 1002 | 22 | 1078 40 1305 | 58 | 18% 76 4133 

1 5 | 1004 23 | 1086 4l 1325 59 1942 77 4445 
1005 24 | 1095 42 1346 | 60 2000 78 4810 
53 , | 4 -19072- | 6r 2063 | 79 | 5241 
5 oro 26 1113 44 1290 . 4-80 5759 
3 9 Iors-| 29 1123 45 1414 . 6392 
| Io [1016 | 28 | 1132 | 46] 1439 | 64 | 2281 82185 
11 1019 9 1143 47 1466 6 5 2356 83 205 
12 1022 | 30 | I155 | 48| 1494 | 66 | 2458 | 84 [ 9567 

FI 1026 | 31 | 1167 49]: 1524-1 07 j- - 2559 88 11474 
Wy 7 1031 | 32-1199 5 1556 68 28669 86 | 14335 
my 1035 | 33 | 7192 | $1] 1589 | 69 | 2790 | 82 | 19107 
16 1040 | 34 | 1206 52 1624 | 7o | 2924 ⁶ 88 28654 
17 10466 35 | 1221 53 | 1662 71 3071 | 89 [57299 
— 1052 | 36 1 1236 541 ror | 72 | 3236. ] go Infinite 


- 


HxRE it will be convenient to let the Learner know how to call the ſeveral Diviſions upon 

the Line of Lines, that ſo what has been ſaid about it relating to ſome of the foregoing 
Tables, and thoſe that follow, may be the more intelligible. OY a” | 

NUMERATION upon this Line is the fame with one of the Radiuſes of Gunter's Line, 
only the Diviſions there are unequal, and theſe equal, either is numbered with 1, 2, 2, 4, 5, 
6, 7, 8, 9, 10, which you may call Diviſions of the firſt Order; each of theſe is divided into 
0 other equal Parts, theſe are the ſecond Order; and if you imagine each of theſe laſt to be 
divided into 10 equal Parts, call theſe of the third Order, &c. and all theſe have different Values 
according to what you have Occaſion to call 10, at the End of the Line: Thus if that 1000, 
then x next the Beginning of the Line is 100, the 2 next that is 200, the 3 is 200, &c. And 
each of the Diviſions of the ſecond Order is 10, and of the third Order Units; ſo if 10 be 
called ooo, and I have Occaſion to take off 435, I call 4 of the firſt 400, the next 3 Lines 
of the ſecond Order 30, and 5 Lines of the third Order 5 Units. 

Now in our preſent Caſe, you muſt ſuppoſe the whole Line of Sines C60 = CE to be di- 
vided into r000 equal Parts; take this Line in your Compaſſes, and open the Sector fo that 10 
(which you may now call 1000) at the End of the Lines may agree to this Extent, then ſup- 
poſe you are to ſet 30 Degrees upon the Line of Secants C F, look in the Table, and againſt 
30 you will find 1155, that is once the Radius of the Circle C 60 = 1000, and 155 more; 
ſo take 155 in your Compaſſes out of the Line of Lines, and ſet that from the upper End of 
15 Line of Sines, towards F, and it will reach to a Point at which ſet 30; the reſt are done in 
ike manner. 2 | 5 


ATABLYE 
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A TABLE to divide the Line of natural Tangents F E. 


— — — 


| Deg. Tapgents. Deg. Tangents. | Deg. Tangents. | Deg. Tangents. | Deg. Tangents. 
— 0 


17 19 344 37 754 | 55 1428 | 73 3271 
„TT | 8 198 3487 
10 57 ty” | 74 -- $734 
70 22 404 | 40 639 -| $8 - 10600 [| 90 4011 
„ 424 41 869 $9 © 1064 1.97 477 
105 24 445 | 42 goo | bo 1732 | 78 4705 
12 25 466 | 43 933 | 6: 1804 | 79 5145 
966 62 1881 80 5671 
158 27 510 45 1000 63 1963 81 1 
176 28 83 1098 64 2050 82 3715 
%% 47--- ; 1072 1 O$ - 2105 | 03 |: 8144 
213 30 577 48 1110 66 2246 . 84 9514 
231 3 601 49 1150 57 2306 85 11430 
14 240 32 625 50 1192 6 1-80. 14401 
15 268 33 649 SI 1235 99 2005 87 19081 
16 „ 24 - ©99$ 52 1280 20 - 2747 88 28636 
17 306 35 700. 153 1327 71 2904 1 $7290 
| 18 325 36 727 | 1 74 3078 I go nfinite | 
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To divide this Line, you muſt take the Radius CE in your Compaſſes, and open the 
Sector to that Extent, then if you would put on 30 Degrees, look in the Table, and againſt 
30 you will find 577, which take and ſet it up from E towards F, &c. 2 


A TABLE io divide the Line of Half-Tangents H C. 


[Deg. H. Tan. | Deg. H. l an. Deg. H. Lan. Deg. H. Lan. | Deg. H. Lan. Deg. H. Tan. 
9 i $27 1-49 er 7490 {97 1130 Fran 126? 
17 28 231 ⁴ ä 40 466 74 753 98 1150 122 1804 
26 27 240 51 477 75 767 | 99 11/1 123 1842 
35 4 28-249 di e [124 88x 
44. 29 20 3 498 Þ 77 - -785- $101: -1219- 2 | 1921 
FCC 509 78 810 102 1235 126 1963 
51 31 277 5 320 7 824 0 1297” [127 200 
10 32 287 56 532 | fo 839 [104 1280 [128 2050 
79 33 296 57 543 [81 B54 [105 1303 [129 2096 
37 1 34 306 58 554 82 $69 106 1327 130 27144 
„ d 1107 195% {xgr- © 2194 | 
105 36 325 | 60 577 | 84 goo [108 1376 [132 2246 | 
- 8 5 1402 133 2300 
123 38 344 | 62 box 86 932 [110 1428 [134 2356 
C0 j-03- - 013-1 87-- 949 1111 i455 [135-2414 
140 40 364 64 625 88 906 [112 1482 [136 2471 
149 .] 4*: 3% ;| 65 037 8 983 [113 1511 {137 2549 
158 42 384 66 649 | 90 1000 114 1540 [138 2605 
167 43 394 667 662 | gr 1018 [115 1570 139 2675 
176 44 404 | 68 674 | 92 1035 |116 1600 140 2744 
Bs} 45 - 414: | 09 _ 097 | 93 © 1054 [117 © 1632 ]igr 2826 
LO ed 48--424..170 700 104 1072-1118 140 142 2904 
23. - (/// // ĩͤ ͤ 1143 "2086 
24 212 | 4.8 445 72 728 | 96 IIII 120 1732 144 3236 
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To divide this Line, take C B in your Compaſſes, and call that 1000, to which open the 
Sector, and then if you would ſet on 50 Degrees you will find in the Table againſt that, 465, 
which take in your Compaſſes, and ſet that off from C towards H, and it will reach to the 
Half-Tangent of 50 Degrees. | | | 

Ac Ain, ſuppoſe you would ſet on 120 Degrees, againſt that in the Table you will find 
1732, of which CB is 1000, then take 732 in your Compaſſes, and ſet that from B towards 
H, and it gives a Point, which will be for the Hali-Tangent of 120 Degrees. 

Having thus ſhewn the making and Origin of theſe Lines of natural Sines, Tangents, Se- 
cants, &c. as they are moſt commonly put upon one Side of the plane Scale, Gunter's Scale, 
Fc. that they may be the more ready tor the ſeveral Purpoſes for which they are made, 

Now, as one vide of the Scale is thus furniſh'd with the ſeveral natural Lines before de- 
ſcrib'd, the other Side is uſually ſet off with the Line of Numbers (commonly call'd Gunter's 
Line) together with the Lines of artificial Sines and Tangents for working Proportions in plane 
and ſpherical Trigonometry, and many other uſeful Parts of the Mathematicks. And as theſe 
Lines are divided by the 'I'able of Logarithms, and Logarithmick Sines and Tangents, we will 
tranſcribe ſo much of theſe Tables as may be ſufficient for our preſent Purpoſe, having taken 


Sines and angents no nearer than every 10** Minute, and leave thoſe who would go nearer 
to conſult the Tables themſelves. | | 


AT A B L E t divide the Line of Numbers. 


Num. Log. Pts. Num. Log. Pts. Num. Log. Pts. Num. Log. Pts. Num. Log. Pts. 


1 00 21 nn 1 785 81 908 
2 S lv e 
j- » [3 147 of 1:7 20 1 37 - 69 
4 60 24 380 | 44 643 64. 806 84 924 
5 79- | % 10x -. Big; 1 vs - aa9 

| 6 78 26 415 | 46 663 66 8179 8 834 
7 84 2 431 47 692 1:07 826 87 838 
8 90 2 447 48 681 68 832 88 944 
9 95 29 462 49 690 bY 839 | 89 94 
10 


REL a 51 707 
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ATABLE 2 divide the Line of artificial Sines. 


— 


Min. |Sines|Sines Sines Sines Sines | Sinesq Sines Sines Sines|Sines|Sines 
Deg. |Deg. Deg. | Deg. Deg. | Deg | Deg. Deg. Deg. |[Deg. | Deg. | 
OL EF S141 5 I-71 3.4 0.1 16 
of oc] 242| 543| 719 885 9401019 [1086|1143[1194|1240 
10 46] 309 577 7420861 950 

20 76 367 610 764 878] 9681043 |[1106|1161[1210]1254 
30] 94] 418] 640] 786 895] 981] 1054 111601 170012181261 
40] 106 464 668| 806 910 9941065 |1125|117811225]1207 | 
50 102] 505 694 825 920]1007]1075 |[1134[1186[1232[1274 | 
Min.] 11 | 12 | 13 | 14 [15 16 17 | 18 | 19 | 20 1:21 


1280131801352 1384 14151440 140 j1490|1513|1534|1554 | 
| 701128711323{1357 1389 1475 144511470 [1494 |151011537|1558| 
2012931329 1303 1394 |1422| 1449] 1474 [1498|1520|1540[1501 
[1398 [14271453] 1478 {150111523[1544| 1564 | 
40|1206]134111373[1403 1431114571482 |1505|1527|1548|15067 
501131217 3461137811408 143614621480 1509 1530015511570 
Min.] 22 | 23 | 24 | 25 2627 28 293% 317 | 32 | 
| of1573]1592{1609 1626 164 16571672 
10157715950 1612 1629 1644 1659116741688 | 
| 20[1580[1598]1614|1631 | 1647 | 1662] 1676 |1690|1703|1716|1728 
20]1583[1601]1618[1634 1649 1664 | 1079 | 1692 b z 
| 40[1586]160311620]1637 1652116671681 1694170801720 1732 
501589 16061623 1639 1654 1669 | 1683 1697 1 
Min.] 33 |_34 | 35 3 373832, 4% 41 42 | 43 | 
_ 011736[1747|1758 176911779 1789] 1799 180801817 182501834 
20]1740[1751|1702 1773 7785 31179211802 
4011744[175511760[1776 485 1786] 1805 
Nin.“ 44 | 45 | 46 | 47 | 48 | 48 | 50 j'5r | 52 | 53 | 54 
0184218491857 1864 1871 1871] 1884 18901890 19021908 
Min.] 55 | 56 | 57 | 58 | 59 | 59 52 | 63 | 64 | 65 
|__ef:9132918[192301928 1933] 1933] 1942 |1946|1950|1954|1957 


m. 6 | 67 | 68 | 69 | 70] 71 | 72 | 73. [7415 75| 76 | 

195 19641957197 1973] 1976| 1978 |1980, 1983) 1985] 1987 

Min.] 77 78. 22 = 61 | 82 | 83 | 84 "Be. 90 
= | _ ©11988{ 1990 11992] 1993119951 666111997 |1998|1998] 12000 


1 | 4 TARLL 


n 


1888 
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| ; 
A TAB L E to divide the Line of artificial Tangents. 


{ 


o| lum | 


| Tan: Tan. ] Tan. Tan. Tan. Tan. | Lan. |Tan. | Tan. Tan q Tan: | Tan. 
. |Deg. |Deg. [Deg.| Deg. ;Deg. ; Deg. | Deg. | Dez. Deg. Deg. Deg. | = 


1358|1391 [1423114531489] 1507|1533| 15571580 | 1603] 1624 54 0 


1:4 2 3 $$ + 64 7 8 9 10 [1 5 


— — 


——— 


242] 543] 719 845] 942 1022 T0589 [ TIA 1200, 1246] 1289 | 60 
308] 578] 743] 862] 956 1034010991157 [208 12541295 50 | 
307] 010] 765] 879] g7o0[1045|1110]1166] r216j1251]1302!40 
418] 640 786] 896|- 983|1057| 11151174 | 1224] 1268 130850 
464] 668] 807] 912] 99% 18068 11291183 12311275 [1316 20 
505 694! 8260 927 10991078113 119! 12391282 1321110 


88 | 87 | 86 | 85 | 84 83 8 | 81 | 80 | 799 | 58 [= | 
S 


Fl BY ETY F7Y [18 | 191-20] 21. | 22 Þ 23 od 
136301396 1423(1457 1455 151215377561 15861600 028,60 
13691402 1433 1402\1490|1516|1541]1565] 1588 1610] 1631 t 50 
137511407 14381467 14941520 1545015691592 16014] 1635140 
13501141311443|1472|149911524[1549] 1573] 1595! 1617638 30 
1386014181448 1476|1503\ 1529] 155301576 | 1599] 1621] 1642120 


77 1.7% | 75 1.74.1.73.|. 72 1 71 129. 1.49 1 63 | 67 | 66. |= 
[124 1.251.256 . 4.38 34:36 (2 
1648 1009; 1688|1707]1726|1744|1761]1779}1796 | 1812|1820]1845}60 
1652|1072]1691|1710[1729] 1747 80 
1201655 10751694 1713117321750 176717841801 1818618341850 40 
| 20| 1659] 107811698 |[1716|1735|1753]| * 
140 16621682 17011719 173801755 1873117901807 | 1823] 1840185620 
501665 1085 1704 |1723]1741|1758] | 3 2 
F%%%CCCCC a SELESTESCL ESSE 
, ee LATE 4 IE 
| of 1861] 1877 {1893][1908| 1924[1939|1954j 197001985 2000 | 
20] 1866] 1882 1898 1913119291944 1959/1975 10000 i 
e 
S| 53 52 [51 | 59 49 | 48 19 45 | | 8 
as 3 3 5 
J CHAP. 


Of TRIGONOMETRY. 


0038252 3H 20ILD000C020S00002000000 209020 220 
SS FZOOOSDODSSDDOS EEE EEE EELEE ENT ET LESS. 


Kk. V. 


Tzigonometry. 


HERE are two Sorts or Kinds of Triangles, viz. plain or right-lin'd, and ſpherical or 
circular, either of which does conſiſt of ſix Parts, namely of three Sides and three Angles. 


General Ma x1ms belonging to right lin'd Triangles. 


1A 1 is a Figure having three Sides, as AC, CB, B A, and three Angles 
ABC, and in reſpect to its Angles is either right or oblique. 
2. Axio angled Triangle hath one right Angle, and two acute Angles; and in its make- 
ing hath a Perpendicular erected, or let fall, as B C. 
3. THosE Sides containing the right Angle are called Legs, as the Leg A B, and Leg B C; of 
' theſe one is ſometimes called the Baſe, as A B, and the other the Perpendicular, as b C; the 
Side oppoſite to the right Angle is called the Hypothenuſe, as A C. 
4. THe three Angles of every Triangle is equal to two right Angles (ſee Theorem or 
180 Degrees; therefore having in a Right angled Triangle either of the acute Angles, the 
other is the Compliment thereof to 9o Degrees (ſee Figure firſt next following.) 
5. In a Right-angled Triangle there are always two things Swen beſides the Right - angle, 
and one of thoſe a Side to find a fourth. 


6. In oblique angled Triangles there are three things always given to find a fourth; but one 
or more of thoſe three muſt be a Side. 

The three Angles of every Triangle being equal to 180 Degrees, if in an oblique angled 
Triangle, you have any two Angles, the third is the Supplement of their Sum to 180 Degrees; 
or if you ſubſtract any one of them out of 180 Degrees, the Remainder will be the Sum of the 
other two. So in Fig. 2, the Angle at A is 28, and that at B is 469, their Sum is 74" „ which 
being taken from 180%, there will remain the Angle ACB = 106%, . 

8. The external Angle of every Right-lin'd Triangle is equal to the two oppoſite internal 
Angles (by Theorem 4). 
9. The two ſhorteſt Sides of every Triangle is longer than the longeſt Side thereof. 
10. Tre longeſt Side of any Triangle ſubtends the greateſt Angle. 
II. AN Angle may be beſt repreſented by three Letters, the middlemoſt of which reſpects 
the Angle, and that and the other two expreſſes the Sides which make that Angle (tho' 
that 1s ſet at the.angular Point m 8. be ſufficient) ; ſo if one of the Angles of the Triangle next 


following was ſet down thus B A C, it would ſignify the Angle at A made by the Sides BA 
and CA. (ſee Fig. 2.) | 0 


C 
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Che Solution of the ſevezal Caſes of a Right angled plain — by the Line ok 
Chords and equal Parts. 


THe Triangle which I ſhall make uſe of in the ſeveral Caſes ſhall be the next following, 
of which 


' AB) 1 48 
$A 85 is the — equal to e J Yards Miles, Leagues, Sc. 
BC Hypothenuſe J 52 


AND 


905 is the Tau at the Baſe 5 equal to 22: 37 5 | 
„ Angle at the Perpendicular 57:23 


Given the Angle at the Baſe B = 22 72 the > at the Perpendicular C= 67, 230 , 
and the Baſe BA = 48, to find the Perpendicular C A. 

1. MAEE A B equal to 48 by the Line of equal Parts. 

2. Erect the Perpendicular 4 C, and by Help of your Line 
of Chords make the Angle at B, equal to 225: 37” producing 
the Line Bd until it cuts the Perpendicular in a ſo 1s the 
Triangle compleated ; then the Line A C taken in your Com- 
paſſes and apply'd to the Line of equal Parts will fall upon 20, 


the Length required. 
Cale 2. 


GIveN the Angles and Baſe (as at Caſe 1.) to find the Hypothenuſe A C. | 
TuIs is conſtructed as the firſt ; then if you take BC in your Compaſſes, and apply that 
Extent to the Line of equal Parts it will fall on 52 the Length requir d. — — 


I 2 Caſe 


22 
> wb + 2 
WA 


60 


Cale 3. 


Given the Angles with the Hypothenuſe to find the Baſe. 


1. Dz aw the Line BQ at pleaſure. 


2. Upox the Point B make an Angle of 22* : 37, and continue BC un 


the Line of equal Parts, which will terminate at C. 
3 LET fall the Perpendicular CA, and the 
Triangle is compleat ; then A B, taken in your 
Compaſſes, will reach upon the Line of equal 
Parts to 48, the Anſwer. 
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til it be equal to 52 of 


G1ven the Baſe B A = 48, and Perpendicular C A = 20 
to find the Angles at B and C. : 

1. MAE E BA equal to 48 of the Line of equal Parts. 
2. Upon A erect the Perpendicular A a, and lay off 20 
from A to . 1 
23. Join the Points B and C by the Line B C, then mea- 
ſure the Angle at B (by Prob. 10.) and you will find it to 
be 22%: 3 whoſe Compliment to go? is 67: 230, equal to 


the Angle at C, as was required. | 
Cale $5. 


Given the Baſe B A = 48 and Perpendicular AC =20 to find the Hypothenuſe B C. 
Tax Conſtruction of this Caſe is in all reſpects the ſame as the 4**, and if you take B C in 
your Compaſſes, the Line of equal Parts, it will reach to 52, the Anſwer. 


Caſe 6. 


Given the Baſe BA = 48, and Hypothenuſe B C = 52 to find the Angles, 


1. MAkE BA = 48, and upon the Point A erect the 


Perpendicular A C. 

2. TAKE $52 in your Compaſſes out of the Line of equal 
Parts, and ſetting one Foot in B, turn the other Foot until it 
cuts the Perpendicular in C, and having drawn the Line 


BC, meaſure the Angles B or C by help of your Line of 


Chords, 
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Cale 7. 


; G1ven the Baſe BA = 48, and Hypothenuſe BC = 52, to find the Perpendicular AO. 
TE Conſtruction of this Caſe is the ſame with the fixth, ſo the Perpendicular AC, taken 
in your Compaſſes to the Line of equal Parts, will reach to 20, the Anſwer. 
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CHAEF. FL 
The Arichmetical Solution of che feven Caſes of Right Angled plain Triangles by the 
Logarithms and Canon of artificial Sines, Tangents and Secants. 


1 N Order to ſolve theſe ſeven Caſes, it will be requiſite to premiſe the following 


Axiom. 


In a right angled plain Triangle, ifone of the Sides be made Radius (or Semidiameter of a 
Circle), the other two will be Sines, or elſe one will be a Tangent, and the other a Secant. 
Tarar is, 1 If the Hypothenuſe be made Radius, then each Leg repreſents the Sine of its 


oppoſite Angle. | | 
24 2. Ir one of the Legs be made Radius, then the Hypothenuſe reſpects the Secant, and the 
8 other Leg, the Tangent of the Angle oppoſite to that other Leg. 
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5 I. Ir the Hypothenuſe B C be made Radius, then the Baſe B A, is the Sine of the Angle 
1 at the Perpenicular C, and the Perpendicular is the Sine of the Angle at the Baſe B (ſee Fig. iſt.) 
= 2. Ir the Baſe B A be made Radius, then the Perpendicular A C is the Tangent, and the 
F Hypothenuſe B C, the Secant of the Angle at the Baſe B. (Fig. 2.) 


Z 3. Ir the Perpendicular be made Radius, then the Baſe B A is the Tangent, and the Hy- 

=; pothenuſe the Secant of the Angle at the Perpendicular C (ſee Fig. 3.) | 

5 THEN it will be, as the Side made Radius is to Radius; ſo is the other Sides to the Sines, Tan- 
gents, or Secants by them repreſented, and the contrary. 
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NM. B. Ix the following Proportions, it muſt be obſerved, that when a Side is wanting, then 
Radius, or an Angle is made the firſt Term ; but if an Angle be wanting, then the firſt Term 
muſt be a Side. © | 


1. To find a Side, any Side may be made Radius, ſaying, 
T Hus, As the Word on the Side given: 
Is to the Side given : 
:: So is the Word, on the Side required: 
To the Side required. a 


2. To find an Angle, one of the given Sides muſt he made Radius. 
THEN, As one given Side 
Is to the Word on it 
So is the other given Side 


Cate I, 


Gr1ven the Baſe BA=48,and Angle at the Baſe B=22* : 37, to find the Perpendicular AC. 
1. Maxs the Hypothenuſe Radius (as at Zxamp. 1ſt.) COLE, | 
THEN, As the Co-fine of the Angle at the Baſe 22* : 37 Co. ar. 0347520 
Is to the Logarithm of the Baſe 48 — 1,6812412 
So is the Sine of the Angle at the Baſe 22* : 37- —9.5849685 


| i —1,3009617 


20 — — 


To the Perpendicular 


2. Maxx the Baſe B A Radius (as at Examp. 2.) 
THEN, As Radius — 10. 
Is to the Logarithm of the Baſe 48 — 1,6812412 
So is the Tangent of the Angle at the Baſe 22* : 37/9, 6197205 
To the Logarithm of the Perpendicular 20 1, 3009617 


3. MARE the Perpendicular Rodius (as at Zxamp. 3.) 


THEN as Tangent Comp. of the Angle at the Baſe 22* : 37' Co. ar. 9,6197205 
Is to the Baſe 48 - - 1,6812412 
80 is Radius _ — — C0, 


To the Logarithm of the Perpendicular 20 


* 


—— 1, 3009617 
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Cale 2. 


Grven the Baſe AB = 48, and Angle at the Baſe B = 22 3), to find the Hypothenuſe BC 
1. Maxx the Hypothenuſe BC Radius. 


THEN, As the Sc of the Angle at the Baſe © 30 8 — 0347520 
Is to the Log. of the Baſe 48 — Cas — 1,6812412 
So is Radius — — e 8 : „ 


To the Log. of the Hypothenuſe BC 2282 52 


— 7150932 


2. MAE E the Baſe Radius. | | 
TEN, as Radius — nb e 2 5 


Is to the Logarithm of the ; Baſs ws == 48 | SENT REY — un: 
So is the Secant of the Angle at the Baſe 22%: 3 — — 1,0347520 
To the Logar. of the Hypothenuſe BC = * e — 1,7150932 
3. Maxx the Perpendicular Radius. | | 
THEN it is, as T. c. of the Angle at the Baſe 22* : 37/ Co. ar. — 96197205 
Is to the Log. of the Baſe 48 — — 1,6812412 
So is the Co- ſecant of the Angle at the Baſe 22® : 27 — — 10, 41 50315 
To the Log. of the Hypothenuſe, B C = 52 — — 1,71 599 32 
| R 86 
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Cale 3. 


Given the Hypothenuſe BC= 52, and Angle at the Baſe B = 22* : 3, to find the Baſe. 


1. Max x the Hypothenuſe Radius. 


THen, as Radius — — - — 10, 
Is to the Logarithm of the © Hypothenuſe 52 52 | ——;,7 190032 
So is the Co-ſine of the Angle at the Baſe 226: 37 - - — 9.95 52480 
To the Logarithm of the Baſe 8 .!mk;uñ eee ee ee 
2. MAKE the Baſe Radius. | 
TEN, as the Secant of the Angle at the Baſe 22 37”-C eee ee 9,0652480 
Is to the Hypothenuſe B C = 52 — — — 1,7160033 
So is Radius — — — — 10 
To the Baſe BA 48 — | — 7,613 


3. MARE 
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3. Maxs the Perpendicular Radius . Lake 
THEN, as the Secant of the Angle at the Perpendicular 67 23/ Co. ar. —— 9,5849685 
Is to the Hypothenuſe B C = 52 I,7100033 


So is the Tangent of the ſame Angle 67: 23/ — 10, 3802795 
To the Baſe 48 


— 


— 


1,6812573 


Cale 4. 


Given the Baſe B A = 48, and Perpendicular A C = 20, to find the Angles. 
I. Maxx the Baſe Radius. : 


THEN, as the Log. of the Baſe 48, Co. ar, — — 3,3187588 

Is to Radius — — — I, 

So is the Log. of the Perpendicular 20 — 1, 3010300 

To the Tangent of the Angle at the Baſe 22 : 37'. — 9,6197888 

2. MARE r e eee, Radius. | 5 

TEN, as the Perpendicular 20 3 8. 608 

Is to Radius — — 10, n 

So is the Baſe 48 — — 1,6812412 

To the Tangent of the Angle at the Perpendicular 92 235 5 
whoſe Compliment to 9o“ is the Angle at the Baſe quired 22:37. 10,3802112 


Note, That the Hypothenuſe could not be made Radius in this Caſe, becauſe as it was not 


given, it would have taken away the only Aſſiſtant that was to accompany either of the gi 
Sides, to find the Angle required. * company e given 
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Cale 5. 


Grven the Baſe A B = 48, and the Perpendicular AC = 20, to find the Hypothenuſe 
BC. 
1. MARE the Baſe Radius. 


THEN, as the Baſe 48, Co. ar. — — 8,3187 588 
Is to Radius — — | Sn . 

SO is the Perpendicular 20 | — — 1, 3010300 
To the Tangent of the Angle at the Baſe B=22: 379 — 9,6 197888 
Ac Alx, making the Hypothenuſe Radius. 

As the Sine of the Angle at the Baſe 22* : 37/, Co. ar. —— o, 4150315 
Is to the Perpendicular A C =. 20 — — 1, 301 3000 
So is Radius | —— — 2 

To the Hypothenuſe B op 52 — — 17 16061 5 


Note, that this Caſe may be anſwer'd by the 47 of Eu. 1, and by the Logarithms thus: From 
twice the Log. of the greater Leg ſuhſtract the Log. of the leſſer Leg, and add the abſolute 
Number belonging to the Remainder unto the leſſer Leg. then half the Log. of that Sum ad- 
ded to the Logarithm of the leſſer Leg is is the Log. of the Hypothenuſe. Thus, Log. of the 


greateſt Leg, A B = = 48 — — 1 6812412 
The ſame doubled is 5 — 3 3624824 
Tun Log. of the leſſer Leg AC = 20 (Subſtra.) is — — 1, 3010300 
Tux abſolute Number belonging to the Remainder is 115,2 — 250614524 
LEssER Leg is 20 
SUM of the two . is 135% | Log. 2,1309767 
Los. of the leſſer Leg 20 is — 15,36 70300 
Sum of the Ls i — —— 2.432057 
HALF the Sum is the Log. of the Hypothenuſe 52 —.— 157 160033 


Cale 6, 


a the Baſe B A = 48, and the — BC = 52, to find the Angles. 
LALLY the nus Radius. 


Then, as the Hypothenuſe 52, Co. ar. — 8,2839966 

Is to Radius — — IO, 
So is the Baſe 48 — | — 1,6812412 
To the Sine of the Angle at the Perpendicular 2 8 959652378 
K | 2, MAKE 
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2. Matt the Baſe Radius. | 250 
Then as the Baſe 48, Co. ar. —— — 8,3187588 
Is to Radius — 10, 
So is the Hypothenuſe 52 —— — 1,7160033 


To the Secant of the Angle at the Baſe 22 37 — 10, 0347621 


Note here, as at the fourth, chat the Perpendicular cannot be made Radius, for the Reaſon : 


SX 
— 


Cale 7. 


GivEx the Hypothenuſe B C = 52, and the Baſe AB = 48, to find the f 
1. Macs the Hypothenuſe Radius FEY ds > Perpendicular AC. 
THEN, as the Hypothenuſe 52, Co. ar. 2 
Is to Radius | ET: 1 | 1195885 
So is the Baſe 48 — 1 | 1,6812412 


To the Sine of the Angle at the Perpendicular 69% 23 


Whoſe Compliment to go? is — 22 377 — 9,9652378 
Again 
2. LETTING the Hypothenuſe continue to be Radius, 
Say, as Radius — 10 
Is to the Hypothenuſe 52 8 1 1 
So is the Sine of the Angle at the Baſe 22 37 IA a 49685 
To the Perpendicular 20 | CE: 7 30 - 9778 


To do this by the Logarithms, obſerve the following Rule: Take the Sum and Diffi 
the Hypothenuſe and given Log. then half the Sum of their Logarithms 15 r 3 


Leg requir'd. | 
The Hypothenule is — — 62 Sun is 0 Le 
a : — ; 8. 1S 2 | 
The Baſe e 48 ; you diff. 4 Log. is — 0,6020600 
Sum of the Log. is — 2,6020600 : 


— — 


Half the Sum is the Log. of the Perpendicular 20 — 15 3010300 
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The ue of nc plain Triangles, in ſeveral Problems about taking the Yeight 
of Objects when acceſſible. 


PROBLEM 1. 
18 O take an acceſſible Altitude at one Station, 


LE AB repreſent the Corner of a Tower whoſe Height A B is required. 


I. Mart choice of any Station, as at D, and directing a Quadrant (or any other Inſtru- 
ment) ſo as that you may ſee the Point A thro” both the Sights, then obſerve where the 
Thread falls, if you uſe a Quadrant, ſuppoſe upon 40 Degrees of the Limb, this is the 
Angle Apq = AE B, whoſe Compliment to go? is o = E AB DAY 

2. ME AsURE BD, the Diſtance between the Station and Bottom of the Tower, which let be 
74 Yards = þ 4, then, to find the Height Ag, 

Say by Caſe the firſt, as Radius 
Is to the Diſtance BD = 74 Yards 


— — 


— : * 
So is the T angent of the Angle Ap? = 40 — 9,92.381 35 
0A! 62 Yards. — — | 157930452 


Havinc thus found A g, which is the Height of the Tower above the Level of the Eye, to 
be 62 Yards, you muſt add thereto to the Line By = Dp, the Height of your Eye, which let 


be 5 Feet, then the Sum will be 63 Yards, and two Feet, and fo high is the TOE (fee the 
next A8 following.) 


N 0 B. 2. 


Yb. 5 = 
By knowing the Height of the Tower AB to be 63: 2: = 191, and being upon the Top 
thereof at A, to find how far any Object, ſuppoſe at E, is from the Baſe B of the ſame. 
1. FIRST from A, direct the Sights of your Quadrant to E, and find the Angle E A 18 = $0 
(ſuppoſe. ) 


2. MaxE the Height of the Tower A B == 191 Feet Sw, then ſay, 
As Radius 


10, 
Is to the Height of the Tower 191 . — 2,2810334 
So is che Tangent of the Angle at A = 50 — 26,4555 | 
To the Diſtance of the Object at E = 227, 6 Feet —— 25357 2199 


K 2 PRO B. 
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T5 FRAU B 2 5 
By knowing the Height of the Tower AB to be 191 Feet, to find how far off it you are when 
at the Station D. 
1. Subſtract the Height of your Eye, ſuppoſe 5 Feet out of the Height of the Tower, and 
there will remain 186 f. = 62 Id. = Ag. „ | 
2. FinD the Angle A pg. 40* (as above) then . 
3. Say, as the Sine of the Angle at p. = 40%. Co. ar. — , 1919325 
Is to A 9. = 62 Yards 


1,7923917 
So is the Co- ſine of 40 Degrees 9,8842540 
To the Diſtance 24. = BD= 73,89 f 158685782 
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By Help of a two Foot Rule, or any thing elſe of a known Length, or Height, to find the 
[Sun's Altitude. 15 = . 
LET AB be a two Foot Rule, erected perpendicular to the horizontal Line B C, caſting its 
Shadow to C, meaſure the Length of the Shadow B C, and ſuppoſe it to be 36 Inches, then 
you will have the Baſe B C, and Perpendicular A B, to find the Angle at the Baſe ACB (by 


Caſe the 4th) thus making the Baſe B C, Radius, And 
Say, as 36 ” 


— 1,5563025 
Is to Radius — — — 10, 

So is the Perpendicular A B 24 — 1,3802112 
To the Tangent of the Angle A CB = 33 42 — 95823908) 


So then the Sun's Altitude is 33 420 
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Tarr are ſeveral Ways uſed to find the Height of Objects, or their Diſtance from the 


Place of Obſervation, without the Help of Trigonometry ; ſo a few of them are as follows : 


1 


Lr it be required to find the Height of the Tower ABC D, by help of a Looking-glaſs, 


e 


or a Bowl of Water. | 

1. Being upon a Level with the Bottom of the Tower, lay down a Looking-glaſs, or Bowl of 
Water, or rather a flat Piece of poliſh'd Steel, or ſome other Metal, at ſome convenient Diſ- 
tance from the Foot of the Tower, ſuppoſe at G. 11 | 

2. WALK backward, leaving the Glaſs in a Right line, between yourſelf and the Corner of 
the Tower A C, until you can ſee the Picture of the Top at A in the middle of the Glaſs, 
your Eye being then at E, and Feet at F. 1 

3. Measvrt GC and GF, and alſo the Height of your Eye EF; then ſay by The Rule of 
Three, as F G is to F E, fois GC to CA, the Height requir'd. 
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To find the Height of a Houſe, Tree, Steeple, &c. by a Carpenter's Square, or any two 
ſtraight Rulers ſet at Right-angles to one another, the angular Point being ſet upon a Staff 
of a known Length, in ſuch a manner that you may ſee the Points A and C along the 
Side Bo, and the Point E, along the Side B d. 

1. Tx Square being ſet, and Lines imagin'd to be drawn from B to A, C, and E, there 
will be form'd ſeveral Triangles, as A BE, ABF, and E BF, all being ſimilar Triangles, 
and like unto the Triangle A C D. | 

2. WHEN you have meaſured F E, and AD in ſuch Parts as B F is divided into, as Feet, 
Inches, &:. then it will be as BF is to FE, ſo is AD to C D, the Height of the Houle, 

Tree, Steeple, &c © ; ES | | ; 
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Ly it be required to find the Diſtance of the Tower IH K L. from a Station at A or G. 
1. SET up a Staff at G, and go any convenient Diſtance, ſuppoſe 120 Feet from thence to E, 
ſo that the Line EG may be at right Angles with the Line A H, and there ſet up another 
Staff, £ ES" 4g ; f 2 7 49 8 : 77 . 8 # 5 ; 8 | v4 a 
2. WAI k from G, leaving it in a right Line with H, any Diſtance, ſuppoſe to A = 176 Feet, 
and there ſet up a third Stic... FEE . 
3. Go from A towards O, at right Angles with A H, until you ſee the Stick that you ſet at E, 
in the ſame Line with H, and that will be when you come to C; then meaſure A C, which 
let be 171 Feet. 5 Ts FIT N 
4. From AC = 171 Feet, Subſtract GE = AN = 120 Feet, and there will remain NC = 
51 Feet, then ſay, as CN is to CA, ſo is NE = AG, to AH = 590 rr Feet the Diſtance 
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L 


To draw a draw Line in the Field, as P G, perpendicular to another Line, ſuppoſe A H, you 
may proceed thus. 5 5 : 2 8 
1. Go from G, any convenient Diſtance, ſuppoſe to f, 10 Feet towards H, leaving G in a 
right Line with A, and at f put up a Stick. 1 ** 
2. Go from G 10 Feet to e, leaving G in a right Line with H, and at # ſet up another Stick, 
which will be 20 Feet off that at 7. „ | 5 
3. TAKE a Piece of Packthread of about 30 or 40 Feet long, with a Loop at each End, and 
double it, ſticking a Pin in the Midle thereof, and then put the Stick at y, thro* one Loop, 
and that at e, thro” the other; then move from the Line A H, as far as the String will let 
you, going nearer or farther from the Tower, until you are at the middle of the String 
Where you ſtuck the Pin, each half between the Sticks at e, and 7, being held pretty tight, 
and kept ſo, lay it gently upon the Ground, and ſuppoſe it fell upon the Point u, then in that 


Point ſet up another Stick. 


4. Having done thus, take the Loops off 2 and f, and put the Stick at G, thro' one of them, 
and with the reſt of the String go out towards, until you have h in a right Line between your 
ſelf and G, ſo will the String being laid in this Poſition, as PG, be at Right-angles with A H. 
Or thus, Meaſure 3 Yards from G to e, than take a Line 9 Yards long, faſtning one End by a 

Loop at G, and the other at e, then move out until 2 þ be 5 Yards, then will G h be 4 Yards, 
and ſo the Triangle eg will be a Right-angled Triangle, Right-angled at G. | 


— 


CHAP. 
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The Solution of the fix Caſes of oblique angled Triangles by help of a Li ne 1 Chords 


and equal Parts. 
L ET the | Examples be taken from the Triangle next following, of which 


TAE 63 5 | 
The Side PA 55545 Js 5 Yards, Miles, ü S. 


_ is the obtuſe Angle : x049 +» e 9 
And U} Two acute Angles _ Jene + : 3, | 5 | 
b * 4 


Two Sides, and an Angle oppoſite to one of them, being given to find the Angle oppoſite 
to the other Side. 
D 


GIVENA DE = 25 Th find the Angle at A or D. 
And Angle at E = 53 : : 8 | 


1. Da Aw the Line A p out at pleaſure, and from 
the Point E, taken in any convenient fart o * 
of Ag, draw the Line E d, ſo as to make an = PO: 
Angle of 53* : 8' with the Line A 47; > 
Prob. 9. Chap. 2. ES: 

2. TAKE 25 in your Compaſſes out of the eee Eo ads, 
Line of equal Parts, and ſet that Extent upon / * 

the Line E d, from E to D. f * 

3. TAKE 52 from the ſame Line of equal 
Parts, and ſetting one Foot of your Com- 
paſſes in D, turn the other until it cuts the 

Line AEin A, then draw DE and DA, 
ſowill the Triangle be truly form'd, and then A 
mu may meaſure the Angle at A or D _ 

rob. 10, of Chap. 2. 
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. 6% Cale | 4. l | > 
Tux Angles and one Side being given to find either of the other Sides. | 85 


' rn 3 
GIVEN 3A = 22" 80 8 To find A E or DE. 
„ 
r And Side AD= 52 5 e 
1. DRA A 7 at pleaſure, and from the Point A, draw AD, ſo as to make an Angle of 220 37 
with the Line A 9. 3 | e 
2. TAE E 52 in your Compaſſes out 
of the Line of equal Parts, and ſet 
that Extent off on the Line A et 
from A to D. . | __ 
3. BEC AusE the external Angle 3 
E D 4 is equal to the Sum of the aw 
two oppoſite internal Angles A, 2 
and E = 75* 45 make the Angle 
e Dad equal to 755 45, by draw- 
ing the Line De, which will cut 
the Line A; in E, the Triangle 
being thus form'd, you may take 9 
the Side whoſe Length you would . ER 
know in your Compaſſes, apply S: 3 
that Extent to the Line of equal 2 
Parts, and you will have the An- — 


Cate 3. 


Two Sides and an Angle, oppoſite to one of them, being given to find the other Side. 
AD S 5a | . 
Given JD E = 25 Jr find A E. 
83 (And Angle at E 53: 8 8 
Tx1s is conſtructed in the ſame manner in all reſpects as the firſt Caſe, See the Figure be- 


longing thereto. Caſe 4 


2 * and the Angle contained between them being given to find the Angles oppoſite to 
thoſe Sides. | . | 
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Givan 4 AD = © Fro fund the Angles E and D. 
. And Angle at A = 22: gy * N " 


. 7 1. DaawA 4 out to any convenient Length, then take 63 out of the I ws of Parts and 
cc off upontie Line AgfromAtotok, = _— 


2, DRAw 


$05 Fu 
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2. Draw the Line Ad out at pleaſure ſo as to make an Angle of 22* : 37 with the Line A 4, 
vpon which from A to D, ſet 52 by help of the Line of equal Parts, then join D and E, and 


you will have the Triangle complete, which being done, you may meaſure the Angles D 
or E by the Line of Chords. | 7 


Any two Sides, and the contain'd Angle, being given to find the third Side. 


| J 
GIVEN 5 log': 15 To find the Side A E. 
; DE = 5 N 


1. DRA the Line AD = 52, and upon D, with 60 Degrees of a Line of Chords in your 
Compaſſes, deſcribe the Arch 4 r, upon which from ? ſet 104*: 15 tor. PRs 

2. DRA the Line Dr, upon which ſet 25 from 
D to E, and from A draw the Line AE, which 
will complete the Triangle A D E, then you 
may meaſure A E, and find it to be 63. 


a 


Cale 6. 
The three Sides being given to find the Angles. Ty | 
FAD ==42 1 | a7 5 
GIVEN IDE 25 > Tofind the Angles 3 or either of them. 
AE =63) E WP ns | 


1. Makxg AE = 63 by the Line of equal Parts. 


2. FROM the ſame Line take 52, the Length of AD, in your Compaſſes, and ſetting one Foot 


in A, with the other deſcribe the Arch p g. 


3. Take 25 in your Compaſſes, and ſetting one Foot > 


in E, turn the other ſo as to interſect the Arch pg + 5 
in D, then draw A D and DE ; thus the Triangle 2 
will be form'd, and the Angles may be meaſured a 
by the Line of Chords, as before, | 
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1 nee eee 
4B —SSHSOISSSHSSSSSIGOOSS IDS SSIS $7 
=_  - The Arithmetical Solution of the aforeſaid Six Caſes of oblique angled plain 
1 Triangles. 
A) | 
＋ HAT the Learner ny more clearly apprehend this Part, it will be males to de- 
monſtrate ſome few Properties of a plain Right-lin'd Triangle, (which here _ be 
called Axioms), as we ſhall have Occaſion for them. 
"ER 
Axiom 1. 
un all Right-lin'd plain W the Sides are proportional to the Sines of their oppoſite 
. gies. 
3 | DEMONSTRATION. 
; * LET E D, the Side of the Triangle A D E, be produc'd until E F becomes equal to A D, and 


upon the Points E and A with the Radius EF = A D, deſcribe the Arches Fo, and Dp, and 
they are the Meaſures of Angles A and E ; then let fall the Perpendicular F þ, and D &, theſe 
will be the Sines of thoſe Arches or Angles to the Radius AD or E F. 

Now becauſe the Triangles D E and F % E, are ſimilar, it will be (by "FRO 12) ED: 
EF (=A D):: DI: F, that is, as the Side E Dis to the Side A D, ſo is the Sine of the Anglo 
at A, to theSine of the Angle « at E. QED 
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Two Sides and an Angle oppoſite to one of them being given, to find the Angle oppoſite to 


the other Side. | 
AD = 52 
Given 4 DE = 25 find the Angle at A or D. 
(And Angle at E 8 
Ken 1). as AD= 52 Co. ar. — — 8,2830967 
I 1 the Sine of its oppoſite Angle E = 53* : 8 — 9, 9031084. 
So is the Side DE = 25 — I, 3979400 
To the Sine of the oppoſite Angle at A = 22 — "* 58 5045 1 


Tu Angle at A being known, and alſo the a at E, 
you may thence find the Angle at D by Theorem 5, to be 


104* : 150% 


Cale 2. 


TRE Angles, and one Side being given, to find either of the other Sides. 


De 104* 
Given fr 8 4 To find the Side A E or DE. 
33 

And Side AD = 52. , 

Say, as the Sine of the Angle at E = 53 „ — o, og689 16 

Is to AD = 52 1, 7160033 
So is the Sine of the Angle at A = 220: 37 — 9, 584968 5 

To the Side DE 25 ; — — 1,3978634 

If the Side A E had been required . — 

Then it would be, as the Sine of E 53e˙õ 8 / Co. ar. — ' 0,0968916 
ls to the Side AD = 52 — 1,7160033 

So is the Sine of 75: 45 (che 3 of ION. * 15 '£ — 9986427 3 


To the Side AK 6s | — — ͤ 1,7993222 
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SS» —_—- 


Two Sides, and an Angle oppoſite to one of them, being given to find the other Side. 


AD = 32 
GIVEN IAD E 25 To find AE. 
| And Angle at E = 
This Caſe requires two poration 

1. Say, As AD = 52 Co. ar. — — 8, 28 39967 
Is to the Sine of the Angle at E = 53* : 87 — 9,9031084 
© Sois the Side DE = 25 — — 1, 3979400 
To the Sine of the Angle at A == M — 9,5850451 


Havinc thus found A (as at Caſe the firſt), add the Angle at E = 53* : 8/ thereto, and the 
Sum will be 75: 45 equal to the external Angle d DE, then, 


2. Sa v, as the Sine of the Angle at E = 53: : 8 Co. ar. — o, 9689 16 
Is to the Side AD = 52 | | — 1,7160033 
So is the Sine of 75® : 45 — — 7 
To the Side AE = 63 | — — 1,7993222 

ee 
E x AMP L E 2. 
AD = $2 | 3 
end = dz F To find DE. 
And AE = i EN ID | 
"# As AE = 62 Co... ar. „„ 3, 2006 50 


Is to the Sine of d DE = 75* : 45 (che Deans of 8 5 I5') — 9,9864273 
So is AD=52 — A 17100033 


| WOE EEE 


To the Sine of the Angle at E = = 53® * 8/ — — 9,9030901 
"Ne — 53580 out of 75* :45 Land the Remainder will be 220: 37, for the Angle at A. 
ow ſay, 
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2. As the Sine of 75%: 45 D E. Co. ar. — o,o! 35727 

Is to AE = 63 = ha — 118, 7993405 
So is the Sine of the Angle at A = 22:3 — — 9,5849685 
To DE = 25 — — 


1, 3078817 


A e 


: / 

1 Axiom 2. 
Ix all plain Triangles, as the Sum of any two Sides is to their Difference, ſo is the Tangent 
of half the Sum of the two oppoſite Angles to the Tangent of the Difference of either of them 
above or under the half Sum. | | 

Propuct E A, and make AZ = AD, then upon the Center A, and with the Radius 
AD, deſcribe the Semicircle Z D F, and draw the Line D F, which will make a Right-angle 
with Z D, and parallel thereto draw the Line E C, then upon the Center E, with the Radius 
E C, deſcribe the Arch 2 Co, ſo will Z C be the Tangent of ZEC = AFD and CD, will be 
the Tangent of DEC = F DE. ED | „„ 


DE MxONST RAT ION. „ 
1. ThE Angles ADE + AED = Z AD, here Z AD, (by Theorem 4.) and ADF + 


AFD = Z AD, here Z A D being common, therefore A DE+AED = ADF+AFD. 
(by Axiom 1. Chap. 1) But ADF = AF D (by Theorem 6.) therefore A DF, or AF D is 
equal to half ADE + AED, and ſo is AEG, or Z EC. 

2. DE C is the Difference between the ſaid half Sum Z EC, and leaſt of the Angles required, 
viz. AED, and its Equal E D F, is the Difference between the half Sum A D F, and the 
greater Angle ADE. | 

3. Tye Triangle Z DF and Z CE, are ſimilar, and conſequently their Sides proportional (by 
Theorem 12th) then it will be as ZE (SAE + AD) is to FE ( AE — AD) ſo is Z C 
(= the Tangent of the Angle Z EC) to D C (= the Tangent of the Angle DEC=FDE) 

THAT is, as the Sum of two Sides is to their Diff. ſo is the Tangent of half the Sum of two 
oppoſite Angles, &c. as the Axiom expreſſes. 
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Havixs by the foregoing Analogy found the Angle DE C, take it from half the Sum of the 
Angles required, viz. ZE C, and the Remainder will be the leſſer of the Angles required 
AE D, or add its equal F D E to the half Sum A DF, and you will have A DE, the greater 
of the Angles required, as you will ſee at the fourth Ca/e. ES 
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1 Tre the Figure next following, where it is ſuppoſed that AD, A E, and contained Angle at 
1728 A find the Angles at E, and D, the Demonſtration of the ſame Axiom may be 
K+ | 3 phe 

Djs the Sum of the given Sides, and D F their Difference, ZFE=ZDC is halt the 

Sum We two Angles Tegatres; and Z C the Tangent thereof, CDE (= DEF) is the 

Diff. between the half Sum and greateſt Angle required; and C E the Tangent thereof. 
THE Triangles Z C D and ZE F being ſimilar, it will be 


As Z D: PF Z C: CE. 
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Two Sides, and the Angle contain'd between them, being given to fin oppo 
to thoſe Sides. the FF 
AE = 63 
GlvEN JA D = 52 : 
CAnd Angle at A = 22* : 37“ 
TRE Side | AE 
AD 52 


To find the Angles E and D. 


Their Sum is Z D AE +AD 135 
And Difference DE AE - AD = 11 
The Angle at A is N | — 229 : 37 


And its Supplement to 180, is 3 noni oo WO OO 
Half thereof is 0 | | 8 | 2 8 , 3 7 + E 
THEN, as the Sum of the containing Sides AE +AD= x15 Co. ar. DE 7 78 222 


Is to their Difference AE — AD S =I | 
So is the Tangent of half the Sum of D and E = 78: 41/: 30“ —— Bay +4. 154 


To the Tangent of the Diff. of either of them above or un- 
der the ſaid half Sum | — 8 
Add this Arch to half the Sum, and it is 


25* 3349 9,6797279 
104: 15: 19 == the greater 
Subſtract it from the ſame, and you have — 53 : 07 : 41 = the leſſer 
| . . : Angl 
Hence, taking the neareſt Minute the Angle at D is found to be ISS. 
And the Angle at E — 3 53 : oB/ 
See the firſt Figure. | | We” 
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Cate 8. 


Any two Sides, and the contain'd Angle, _ given to * the third Side. 
| 52 
Given (as before) 155 = 104* 7% pan find AE. 


Ont of the Sides containing the given Angle Di is AD= 52 
The other containing Side is — DE= 25 


Their Sum is — 77 
And Difference — | 27 
The contain'd Angle is D = FL — 104» 15 


A. 


— — 


The Supplement thereof to 180% is (= ATE) — 7 ; £0 


Tux, as the Sum of the two containing Sides 77 Co. ar. 1 8, I 135093 
Is to their Difference 27 —— 1533485 97 
So is the Tangent of half A+ E = — „ 1 3 9, * 371 


To the Tangent of the Difference — T5 15 18 9,43 57288 
Add this to half A + E, and the Sum is — 53:07: 48 = the Angle at E. 
Subſtract it from A + E, and the Diff. is — 22: 37: 12 = the Angle at A. 
HAvix thus found the Angles oppoſite to the given — you may find AE the Side re- 
quired by the firſt Axiom, us 
As the Sine (to the neareſt Min.) of the Angle at A = 22: 377 Co. ar. — , 415031 5 
Is to the Side D E = 25 1,3979400 
So is the Sine of 75% 45“ (the Supplement of D= = 104® : — 9,9864273 


To the Side A E = 63, which was required, — — 1,7993088 


Axiom 3. 


In oblique angled plain Triangles, as the true Baſe is to the Sum of u the Sides, ſo is the Diffe- 
rence of the Sides to the alternate Baſe, 


CONSTRUCTION. 


Lr ADE be the Triangle propos'd (in any of the three Varieties) having its three Sides 
given, to find the Angles or any one of them. 

1. Upon the Point D, with the Radius DE, deſcribe the Circle F IE Q. and continue. 40 
tQU,fowill 42 be the Sum of the-Sids 4 D +DE, and 4 F will be their Difference, 
4 E is the true Baſe, and 4 7 the alternate Baſe. 2 


on Of TRIGONOMETRY. 
e DEMONSTRATION. 


1] ADXAF=AE x Al (by Deorem 20.) 
I in Analog. 2 AE: AD: AF: AL 


Tur is, as AE (the true Baſe) is to A 2 = (AD + E D)' the Sum of the Sides, ſo. is 


AF (= AD— ED) the Difference of the Sides to 4 1, the alternate Baſe. 
See the Figures for the three Varieties next following. 
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Caſe 6. 


Tur sides being given to find the Angles. 


AD = A | 
; BE--=25 Frog find the auger by ariety I 

AE =6 | 8 
New by the third Axiom it will be 
As the true Bafe A E = 63 Co. ar. — 3, 2006595 
Is to the Sum of the Sides AD ＋ DE = 77 — 1,8864907 
So is the Difference of the Side AD - D 27 eie 143 3638 
To the alternate Baſe A I = 33 1,5185140 


Havins thus found A I, you muſt take it out of A E, and there will remain IT = = 20, the 
Half of which is 2 E = 15, one Side of the right angled > 7 n E, the other Sicke D 
being given, you may by theſe find the Angle at E to be = 
Ir you 444 the ſaid 15 E to the alternate Baſe AI= 5 * Sum will be 48 = A * 
one Side of the right-angled-Triangle A Da, by which, and the Side AD, you will find the 
Angle at A = 22® 
On when you had found Angle at E, that at A, might have been found by Axiom 1. gaying, 
as AD = 52, is to the Sine of the Angle * E = 53 8, ſo i is the Side D E = => 25 to the Sine 
of the Angle at A = 22® : 37', &c. 


EXAMPLE 2. 


tas there be given the three Sides as before to find the Angle at E, (ſee the Fig. for Variety 
the ſecond.) 


Here the true Baſe is — AE = 52 
The alternate Baſe is — Al 
The Sum of the Sides is A A — AD+DE=83 
The Difference of the Sides is A F — AD - DE 38 
Now fay (by the third Axiom.) | 

As the true Baſe AE = 52 Co. ar. —— 8, 2839967 
Is to the Sum of the Sides 88 — 1,9444827 
So is the Difference of the vides 38 — 1,5797836 
To the alternate Baſe AI = 64 : 31 —— 1, 8082630 
From which take the true Baſe A 1 | — 


And there will remain EI= 12,31, half is En. = 6, 1 "= 
Traxx to find the Angle DE, of the right-angled-Triangle DE make DE Radius, and 


ſay, 

As DE = 25 —_ — 94 
Is to Radius — — 3 5 
So is En=6: 15 | mo - » | 7888757 


To the Co: ſine of DE #'= -—T 7 49-1.) —— 939093 1 
And the Supplement of +: „„ E D which was required, 1 


Ix like manner you may find the Angle a at E 8 Variery the — by making the ſhorteſt Side 
A E the true Baſe, then 


Say as the true Baſe A E = 25 Co. ar. 8,6020600 
e to the Sum of the Sides AD + ED = 115 — 2,0606978 
M — 80 
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DEMONSTRATION. 


1] ADXAF=AE x 11 (by Theorem 20.) 
1 in Analog. 24 E: 42: AF: AL. 


Tur is, as AF (the true Baſe) is to 1 N= (AD + ED) the Sum of the Sides, ſo is 
AF (= AD - E D) the Difference of the Sides to 4 1, the alternate Baſe. 
See the Figures for the three Varieties next following. | 


Variety 7 5 
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Caſe 6. 


Tus Sides being given to find the Angles, 
e 6 


A | 
BE-=25 Fron find the 0 Carer 1. 


AE 63 

Now «be the third Axiom it will be | 
As the true Bafe AE = 63 Co. ar. | — $,2006595 
Is to the Sum of the Sides AD +DE = 97 2 1, 8864907 
So is the Difference of the Side A D — D 27 —— ve 3638 
To the alternate Baſe A I = 33 | I,5185140 


Having thus found A I, you muſt take it out of A E, and there will remain IE = zo, the 
Half of which is 2 E = 15, one Side of the right angled . D n E, the other Side D as 
deing given, you may by theſe find the Angle at E to be = 

Ir you add the ſaid 15 E to the alternate Baſe A1 2 72 "ho Sum will be 48 = An, 
one Sde of the * A Da, by which, and the Side A D, you will find the 
Angle at A = 229: 

On when you had found Angle at E, that at A, might have been found by Axiom I. ſaying, 
as AD = 52, is to the Sine of the Angle at — = 535 8, ſo is the Side DE = 25 to the Sine 
of the Angle at A = 220: +39" „c. | 


EXAMPLE 2. 


Lex there be given the three Sides as before to find the Angle at E, (ſee the Fig. for Variety 
the ſecond. ) | 


Here the true Baſe is — AE = 1 

The alternate Baſe is f — 41 1 
The Sum of the Sides is A G= — ADF DEZ 88 
The Difference of the Sides is AF 2 — — AD - DE 238 
Now ay (by the third Auiom.) 

As the true Baſe AE = 52 Co. ar. — 8, 2839967 

Is to the Sum of the Sides 88 — 1,9444827 
So is the Difference of the Sides 38 — 1,5797836 
To the alternate Baſe A I = | 64 : 31 Ys —— 1, 8082630 
From which take the true Baſe AE = 52 | — EE 


And there will remain E1= 132531, half is En.= 6 9 8 
9 to find the DE, of the right-angled-Triangle D E make DE Radius, and 
_ 


As DE = 25 — | — , 00 
Is to Radius — — | 1550 1 
So is En 6: 15 1 — _ = _ 05788875 


To the Co-fine of DE 1 = a*:: as” 9.39095 51 
And the Supplement of 5% $2 45 is 204” : 1n=A E D ) which was Wes . : 


Ix like manner you may find the Angle at E (at Vieh the — by — the ſhorteſt Side 
A E the true Baſe, then _ 


Say as the true Baſe A E = 25 Co. ar. 
Is to the Sum of the Sides ADT ED S airs; 
M 


8, 6020600 
2,0606978 
80 
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So is the Difference of the Sides AD -ED= 11 — 1,04 13927 
To the alternate Baſe AI = . 6 —— 1, 70 505 
From which take the true Baſe AE = 23, 

And there will remain E 1 25 : 6 its half is En. = 12,8. 


TEN to find the Angle ꝝ E D of the right-angled-T Tiangle D 1 E make P E Radius, and ſay, 


As DE = 52 1.71600 33 
Is to Radius | N — — 10, 
So is E 7 12M 8 | | 1 ate — | I 1072099 | 


1 NOIR 


To the Co-fine of the Angle 2 E D = 75*: 45 — 9,3912066 
The Supplement of which 1047: 15 _ ta the Angle DE A, as was srequined, 


0 : * 
* 5 id bi ST I ? ? * * . ' „ p RY; 
Go SQITS! I 1.4 * WS {po} 7 L. l 9 <1 ©: | ew; cM 14 i* < ] «70 
- * 17 Fe 4 * 4 + 4 "a 4 4 * 88 "+ ”d 
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oo 2 42 * 2 © 42 IL. * » w{F . 92 * — — —— 1 P 
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CHAP. X. 


be Us of oblique angled plain Tri angles in tak ng Heights, Diſtances; Gc. 
To take an inacceſſible Altitude from two Stations taken at pleaſure. 
Suprosk that there is a Tower C DEF G HI, whoſe Altitude CD you would know, and 


alſo how far it is olf the Stations A or B, taken at any convenient Diſtance from one 
another. 


7. STANDING at B, take with your Quadran wa ny other proper N the Angle 
DBC which let be „ 


2. M AsURE 240 Yards (or any other convenient Diſtance ance) om B.to A, leaving Bu in a right 
Line between yourſelf and the Corner of the Tower C 


3. BIN at A, direct your Inſtrument again to C, and find the Quantity of the Angle BAC, 
which let be 10% 87 " take this out of the Angle DBC 25": 100, _ there will re- 
main the Angle AC B 15˙: 5. | 


4. To find how far it is from the Station at A to the Top of the Tower at c, (or Length of 
the viſual Ray A C) you may 


Say, as the Sine of the Angle at C 15%: 5 Co. ar. 3 | 0,5846532 
Is to the Diſtance between the Stations A and B=240 — 2,3802112 
So is the Sine of the Angle at B = 25 400 — . 9.628647 
To AC = 392, 21 — 2,5935716 
To find the Len ngth of the viſual Ray B C, ſay, 
As the Sine of the Angle ACB = 15 5' — , 58465 32 
Is to A B 240 7 — 2,3802112 
Ss is the Sine of the Angle at A 102 5 — 9,2432374 
To BC = 161,5 — — 272061078 


To 
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To find the Height of the Tower D C, ſay, 

As Radius — | h — i Io, 
Is toBC = 161,5 | — — 1,2081018 
So is the Sine of the Angle at B 255: 10 Ca 9,6286472 


1 


To the Height of the Tower CD = 68,67 | 18367490 
To find how far the Tower at D is from the firſt Station B, ſay as Radius = 10, 

Is to BC = 161,5 | | — 2,2081018 

So is the Co- ſine of the Angle at B = 25? : 10/ — 9,0506844 

To BD 146,1 — 2,1647862 


To which add A B 
And the Sum is A D 


= 240, 


386,1 


5 PROM 4% 
To find the Height of an Object landing npon a Hill, or of a Spire landing upon a Tower, &c, 
SurrosEk O ABC to be a Spire ſtanding upon the Tower ABCD EI; whoſe Height you 
would know, and alſo that of the Spire. | e 
1. Uro Paper, or the like, draw a right-Line of any Length, as PQ, and therein aſſume 
any Point at pleaſure, as M for your firſt Station, then directing your Inſtrument to the Top 
of the Spire at O, you will have the Angle O MN, which let be 60“: 45, and when you 
direct it to the Baſe at R, you have the Angle RMT, ſuppoſe of 42* : 18“: Having found 
theſe two Angles, then protract them from the Point M, by the Lines Me, and M/, drawn 
out from M at pleaſure. | 
2. Go from M any convenient Diſtance, ſuppoſe 220 Yards to W, and then directing your In- 
ſtrument to O, ſuppoſe the Thread to fall upon 40: 44', and then directed to R, ſuppoſe 
it cuts 23® : 427, then upon the Point W, protract theſe two Angles, and draw the Lines 
W Sand Wr, until they cut the Lines My and Me, in the Points O and R, from which 
Points let fall the Lines O N and R F perpendicular to PQ, the firſt of which is the Height 
of the Spire and Tower together, and the other the Height of the Tower; whence the Height 
of the Spire may be found by the ſame Line of equal Parts by which you laid down MW. 
3. By the Interſections of theſe Lines you have two oblique angled plain Triangles WOM, 
and WRM, and two right-angled- Triangles M RF and MON. 5 | 
In the oblique angled Triangle WO M you have the Side W M = 220 Yards, the Angle 
M W O = 405: 44, and external Angle OM N= 60* : 45% from which take 40“: 44“, 
and there will remain the Angle WO M = 2092 : o1' by theſe find the Line M O, 
By ſaying, as the Sine of the Angle WO M = 20: 1x/. Co. ar. o, 4656014 
Is to the Side WM 220 Yards | 253424226 
So is the Sine of the Angle MW O = 400: 44/ — 9.814006 7 


. To the Side MO = 419 Yards — | IN | 2,6226307 
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'This Line M O is the Hypothenuſe of the right-angled-Triangle MON, by help of which, 
and the Angle OM N = 6o® : : 45” you may find ON, thus, 
As Radius | — — 10, 
Is to MO = 419 Yards — — 2,6226307 
So is the Sine of O M N 600: 45/ — 8 99407034 


a a6. —— 


: To ON = 366, the Height of the Tower and Spire — 2,5633941 


Ac Ax, in the oblique angled Triangle W RM, you have the Side W M = = 220 the Angle 
M WR = 23: 42/, and external Angle RM N = 422 : 18' from which take M W 
23: 42/.and there will remain the Angle WR M = 18 : 36, by theſe find theSide M R, 


ſaying, 

As the Sine of the Angle w RKM 18:36 co. 3 — 0,4962647 
Is to W M = 220 Yards —— 1 
So is the Sine of the Angle RW M = 23742 — =! 041096 


To MR = 277 Yards — 2,4428 569 
Tas Line MR is the Hypothenuſe of the right-angled-Triangle RM F, beſides which you 

have the Angle RM F = = "oe :18' to find RF, ſay, 

As Radius — — 10, 

Is to MR 277 — — 2 4100 569 
So is the Sine of the Angle RMT = 42*: 18 — 98280231 


To RF = 186 the Height of the Tower 2,2508800 
TA KE this from O Ne 366 and there will remain 1 8 o, the Height of the Spire — 
IC 
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Note, That it may happen ſome Times when you would protract Things of this Nature by 
a Line of Chords and equal Parts that the Lines (ſuppoſe W O and MO, or WR and MR) 
will not cut one another on the Paper upon which you are working, tho? very large; but then 
in ſuch Caſes you may draw an 8 and by that find what you want by Calculation, as 


in the foregoing Page. 
PROUD 23. 


Ta take an inacceſſible Diſtance at two Stations, 

Bzmo: near a River, I ſee a Church on the other Side, whoſe Diſtance ſrom any two Stations A 
and C, taken at pleaſure I would know. 

1. SET up two Marks at A and C, and meaſure their Diſtance, which let be 320 Yards. 

2. PLANTING your Theodolite, (or any other convenient Inſtrument) at. | Hl * the Ang e 
E C A, which let be 118“: 55/ whoſe Supplement is ECD = 613* : 

3. Goto A and there ſet up your Inſtrument, and take the Angle E A C, 8 it to be 42 
oo/, then having protracted your Obſervations, you will form an oblique angled Tangle, 
ſuch as AEC in which there is given the Side AC = 320 Yards, and if you take the 
Angle EAC = 42: o/ out of the Angle E CD, there will remain 19: 5' = = C A. 

4. To find the Diſtance of the Church from the Station at A, you may 


Say, as the Sine of the Angle CE A = 192® : 5/, Co. ar 0,48552 
Is 15 the Diſtance of the Stations A C 320 — ; 1 . 
So is the Sine of the Angle ECD = 61 61 | —— | 9,9421688 
To AE 85; Yards | 25, 9328407 
5. To find the Diſtance of the Church frrom the Station at C, ay, 3 
As the Sine of the Angle C E A 19%: 5, Co. ar. 9,4855279 
Is to AC = 320 i 2,5051500 
Vo is the Sine of the Angle EAC= 9,8255709 
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To find the „ Diane of 2 ar more Places from the Stations whence you obſerv'd them, and alſo how 


1. SET up two Marks at the Stations A and C, and meaſure their Diſtance, which let be 320 


—— 


PRO B. 4. 


far they are off one another. 
Bern 6 defirous to find how far the Windmill at F is from the Houſe at E, and how far either 
of them is from the Stations A and C taken at pleaſure. 


Yards. - 
2. PLACE your Inſtrument at A, and take the Angle FAC, which let be 102: 20', and alſo 
the Angle CAE = 429: oo/. 
3- REMOVE your Inſtrument to C, and there take the Angle FC A = e 56/ (ſuppoſe) and 
ECA Ii 
4. Having bees, or laid down yours Obſervations upon Paper,you will form two oblique 
angled Triangles, viz. F A C and 
5. TaxE the Angle FAC = 102: 200 out of 1800, there will remain the external Angle 
FAB = 77: 40/ from which take the Angle F CA = 41 56“, and there will remain 
the Angle AF C= 380 44', which being found, chen, 15 
6. To a how far the Windmill is from your firſt Station, at A, 


Say as the Sine of AFC = 35* : 44', Co. ar. — 0, 2335771 
Is to the Diſtance of the Stations wo — | 2,5051500 
So is the Sine of F C A= = 41e 2560 — — 9,8249400 
To AF = 366 | 2,5636701 
7. To find how far the Windmill is from the ſecond Station at C. | 
Say as the Sine of the Angle AFC = 35: 44 Co. ar. — 0, 233871 
Is to the Diſtance of the Stations 320 — 2, 505 150⁰ 
So is the Sine of the external * F AB = 2 77 1 — 99898597 


— — 


To FC= 535 —— v7 — | - thy 7285868 
8. TAkE the Angle ECA= 1180: 550 out of 180, and there will remain the frei ner 
Angle ECD (of the oblique angled Triangle AE C) = 61*: 5, out of which take theAngle 
EAC = 42? : co', and there will remain he Angle AE C= 19*: 5 

g. To find the Diſtance of the Houſe from the firſt Station A, 


Say, as the Sine of the Angle AE C = 19: 5“ Co. ar. — o, 4855279 

Is to the Diſtance of the Stations 320 5 2, 505 1 500 

0 is the Sine of ECD = Ra : 5 — 9,9421688 

To A'E = by Mia — 2,9328467 
10. To find the Diſtance af the Houſe from the ſecond Station at C, 

Say, as the Sine of Angle AE C = 19: 5. Co. ar. — 0, 4855279 

Is to the Diſtance of the Stations 320 — 2, 505 1 500 


So is the Sine of the Angle EAC = aka oo —— 9,8255109 


ToEC= 655 — 2,8161888 
11. To find how far the Windmill ; is from the Houſe, or the Length of the Line FE, 
have in the oblique angled Triangle F A E, the Side AF = 366 (found at Art. 6) the Ade 
AE = 857, (found at the gth) and if from the Angle FAC = 1020 : 20/ you take CAE 
42 : 00') ſee Art. 2.) there will remain the included Angle F AE = 60 : 20/, this out 
of 1809, and there will remain 119% 40“ = the Sum of the Angles F and E, the Half of 
which is 590 50', nowaccording to Caſe the 4th of oblique angled Triangles, lay, 
As the Sum of the including Sides AE+ AF = 1223. Co. ar. _ 6.912573 
Is to their Difference AE A F = 491. — | 2,6910815 
So is the Tangent of the ſaid half Sum 59: 50! — 10,2356480 


To the Tangent of an Arch eee oo © ib ae 
N 5 HE 


2 * * ccc 
if Io ot ee on Ret eee 20G 


7 — — 


che Angle 15, before found, you may find the 


Tax Difference between this and the half Sum is 25: 12 equal to the Angle FE A. 


Then ſay, again | 

As the Sine of the Angle FEA = 25 : 12! Co. ar. 
s to the Side AF = 366 — 

So is the Sine of the Angle FAE = 60: 20% 


— 5,3708155 
1 2985, 56348 10 
— 9,93 9796 | 


To the Diſtance required, viz. F E = 747 — 2587 32761 


e 3 


A. 320 O 
P R O B. 5. 


Le there be a Houſe upon a Hill 2S, to be ſupply'd with Water from a Spring at O, in a 
Valley between this Hill and the Hill at R, and let it be required to find how high the Water 
muſt be raiſed to come to the ſaid Houſe. x Ts 
Hee it is ſuppoſed that there are not to be found in this Valley two Places upon a Level 
from whence Obſervations can be made (as at Prob. 1.) therefore we muſt take ſome other 
May to anſwer what is propoſed. | 


1. Tavs, make Choice of any convenient Point p, upon the Side of the Hill R. from whence 


you may ſee the Houſe, and alſo the Spring; then by Help of $S;/on's Theodolite, or any 
other ſuch Inſtrument for Levelling, find the Height of pn above the Level of the Spring 
at O, and the Angle 2. u, by theſe find p (by Caſe 2d of right-angled-Triangles) and this 
Line is one Side of the oblique angled Triangle p 59. „ 5 | 
2. Your Inftrument being at O, direct the Sights to 8, and take the Angle 7 » 5, whoſe Com- 
plement to 90 is the Angle 50 x = #50, to which add the Complement of the Angle 90 n, 
andithe Sum will be po, one Angle of the ſaid oblique angled Triangle. 


3. When at p, take the Angle cps, which add to p = cp0 (cp being an horizontal Line) 


the Sum of theſe two is the Angle 5s p o, which add to the Angle p os, and the Supplement of 
that Sum to 180% is the Angle p50, by which and what elſe is given in the Triangle 5p o, find 

the Side 5s o, and this is the Hypothenuſe of the rignt-angled Triangle 75 o, with which, and 
ide /? required. ne 


5 ** ett a 4 * 
© 2 N S2 l N nn 9 A 4 or K e 5 Y & 
” . . LC > hea a. £6 IV r N 3 0 ee whoa” ab 9 A l A 9 
* » Tut) of O7R "EI" * * +, was JA +... * A ARG FIRE IRE. Sy TT OY0T7 n bb * * La * 9 * ” * 
Ms — r * 2 77 0 mas * N : \ -- = 7 es 2 * . 
__ +” Þ "A 8 TY 2 * 8 p* . y * 2 = 34 1 < 


Of TRIGONOMETRY, © - 


* 
* 


bs 


8 
2 


2227 


* 
6 nner tee 


4 
n 


nenen 


* 
= 
* 
» 
* 
CY Ts. 
k = 2 ue 
** 


© 
8 


PROB. 6. 


THERE is a Rock near the Peat in Derbyſbire riſing to a wonderful Height, which being in- 
acceſſible, I endeavoured to meaſure in a mathematical Method from a Station at ſome Di- 
ſtance (nearly level with the Bottom of the Rock) I took an Angle of Altitude to its Top 47 

30; and having deſigned a ſecond Station, I took an horizontal Angle of 87 05' between 
the Foot of the Rock and that Station: The meaſured Diſtance between the Stations was 4 Chains 
and 29 Links, or 429 Links (per Gunter)at that Place I had an Angle of Altitude 41*, 12/; 
but forgot from hence to take an Angle between my firſt Station, and the Foot of the Rock ; 
yet am in Hopes ſome curious Artiſt, will from this Data determine the perpendicular Height 
of this 3 Ie Wo 8 1 * ** | . 

TRIS was propoſed by Mr. Henry Travis, at Page 21 of The Ladies Diary for 1 | 
ſwered by the ſame ingenious Perſon at Page 6th and 7th of The Ladies Diary fo 0 10 Ir. | 
ſuppoſing my young Tyro (for whoſe Sake this whole Work is compoſed) has not yet arrived - 


Y "If to the Knowledge of Algebra, I have given him the Method of anſwering the ion 
1 ; ſingle Poſition re rod 5 : = F AY 9 dy 
== _ Havincs drawn A to repreſent the Rock, ſuppoſe its Height A B to be co Links, C the 
ic Station, and B C its Diſtance from the Foot of the Rock at B, and nin a right- K ag 
1 with the Height AB. | | | Y Met COOLS > 
3 Ns Lt D be the ſecond Station, and its Diſtance from the Foot of the Rock to be B D. mak 
E | 8 ing 2 right-Angle at B with the Line A B and DC the Diſtance of the two. Stations 429 Links 


| Hr Lita of the ute ACB-= a" , nh A Ie 3 2s a, 
"the foppor'd Diſtance of the fit Keen BE. e che Rock 50 Links, find 


Thus, as the ine of the Angle A CB = 45” : 300. Co. ar. 1 0,1. 
Is to the ſuppos'd Height AB = 50 1 „ 1155 
So is the Co- ſine of 47“: 30 | 5, 98293633 


* the 2 * Dit of the 1ſt Station B C = 4455 — 156610224 
- 2. WirH the Angle A = 41* : 12, and ſuppoſed Height AB — | the Dil of - 
| | the ſecond Station from the Foet of the Rock, viz, BD, Lying, Se * * NG 5 
As the Sine of ADB = 41*® : 127 Co. ar. — 0.18121 
Is to the ſuppos'd Height A B = 50 5 | 42792 


— ar A ek 1,6989700 

* 5 So is the Co- ſine * 4 12 — 9.876457 

1 e =. 1,7567467 
. | | | 3- Now ; 


: 


Of TRIOONON NT My 
Now in the * angled Triangle D CB ou have the fur 'd Length of the Side 
pO == at BD = $7;rt with the 3 26%, : 5/-to find the 
C, and. this will be the of the horie Angle which 5s forgotten tobe 
taken between the firft Station and Foot of the Rock, faying, 
Thus, as the ſuppos d Length of the Side BD 57'171. o. ar. 8,2432533 
Is to the Sine o the Angle BCD = 875* ; 5 — 9,9994370 
So is the ſuppos d Length of BC= = 45.81 a „ A.” 1,6609603 
To the Sine of B DC 236506 
AnD this Kehr en was forgot tobe taken bermoen the Foe of Rock 


and the firſt Station as bed. 
4. Having, found the Angle BD C = 53: 145 add it to the Horizontal Angle BCD of 
35 and the Sum is 1400: 1 's whoſe pplement i is 39%: 41 equal to the Angle DB C 0 
now you have the ſuppos d of the Side B C 4581, the Angle BD'C= 53˙ :14/, 


and e Angle D BC 39* 41 to find the n Length of co os DC, to which 
ſay, 
Ie Sine of BD © = 53* : 14 co. ar. „„ — : + 0j 24 
Is to the Side BC = Fey 5 — 5,096 09607 
do is the Sine of the Angie 39% 4 8797 5 n — 4 e ee 8 97855105 
To DO s (the Gppoe'dDifatice of the bestens 45 1 | 1556 54 
Bur the true Diſtance was 4 ae therefore, as the — AF u is bound 42 oo 70 
. little, ſo muſt the ſuppos'd of the Rock be; then fay, 
As the ſuppos d Diſtance 36, 52. 1 ar. —  8,4374692- 
Is to the true Diſtance 429. | — 2 256324573 
eee Height I * e e * 1,6989700 


To the true Height of the Rock A A B= un, 4Links, as marine , © 247688965, 
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Tn order to projes the Sphere, or tbe ſeveral Caſes 
HO a Sphere or Globe is the beſt Inſtrument for giving a true Idea of the ſeveral Lines 
1 or Circles that are us d. in Aſtronomy, Navigation, Nia ialing, Sc. yet it is one of the worſt 
for reſolving particular CMeſtions ; therefore, if a Repreſentation of the Sphere, or ſome Part 
thereof, and the Solution of a Queſtion be both required, it may be done near the Truth by a 
Delineation of Lines or Circles upon a Plane; and in order to this, it will be requiſite to ſhew, 


1. How the Cireles of the Sphere both great and ſmall, may in their ſeveral Poſitions be de- 
rr q ę fr! PA 074 1957 TER + PTE Gone 

2. How any of theſe Circles may be ed, either in reſpect to itſelf, or to the pri 

z. How any Angle propeunded may be projected, or being projected may be meaſured. 

5 In the FA of theſe we are contig the ſeveral Varieties of Poſition that the Circles may 
have in reſpect of that Point from whence the Eye beholds them, 
Ius Varieties of Poſition are but Three, 'which are either, FSUTE 9:7 © 

: ; 5 7 I. In a direct | 5 
2. In a perpendicular, or > Aſpect. 
: 3. In an oblique VT 3 
A Cixcr E is faid to have a direct Aſpect to the Eye, when it is directly oppoſite to the Su- 
;perficies of it; ſo the Circle A B C D is faid to appear in a direct Aſpect, or as a perfect Circle to 
an Eye which views it from the End of a Line erected. perpendicular to the Plane of the ſaid 
Circle in its Center 4. 5 . 8 f 
Now a Circle having this. Aſpect is called the primitive Cirele; the Equator is ſuch when 

wiewed from either of its Poles, and ſo is the Horizon, when view'd from the Zenith or Na- 
6Vßjt̃ ̃ didn cots Sits. Aha nr” ” ny 
A CixcrxE is pe icular to the Sight, when its Sur- 33 
face is parallel to the viſual Ray 3 as if you viewd a Prim 

Circle of Paper, Paſteboard, or Tin, with its Edge direct Nl oy 
towards the Eye, it would appear as a right-Line ; or if 
inſtead of an Eye you plac'd a Candle, and then turn'd the 
Circle in ſuch a ner that its Shadow becomes a right- 
Line upon any Plane, ſuch as a Wall, or c. on the other 
Side, then would that Circle be in a perpendicular Poſition 
to the Eye, or Candle, and ſo would the Meridian appear 
at Noon, when projected by the Sun upon the Plane of 
the Row of fix : And this is called aright-Circle, as A C, 
or DB. | ; e 
A Ccrs is ſaid to have an oblique Aſpect to the Eye, 
when it does not appear as either of the former, ſo the 
Shadow of the Equator would appear as an obliqueCircle, 
if caſt upon the Plane of the Circle of the Hour of ſix, by 
the Sun, he having either north or ſouth Declination, and 
upon the Meridian as As C. 
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ai of a An en 134 Point go owe from f the Plane of the cu; to find which | 
there are * — 


Cate 1. 


Ir the Pole to be found i is that of the ee 4 BC D, then the Genter thereof et 


Cale 2. | 


Ir k be a right-Cirde 25 A C, chen its Poles are 'D and D, two Nen wren de primitive 
Circle, each 90 Degrees from A or C. N 


Cale 3. 


Ir you are to find the Pole of an oblique Circle, as As, which (as all great Circles do,) 
cut the primitive Circle in two o te Points, as A and C, having one of its Poles between 
its own Center, and the Center of the primitive Circle, and in a Line perpendicular to its 
Plane ; lay a Ruler upon A and 8, and it. will cut the primitive Circle in ; fromeſet off o 
Degrees to 9 and /, then lay a Ruler upon A and g, and it will cut the right-Circle DB, in the 
Point x, which is one of the Poles required ; if the other be wanting, then lay a Ruler-upon A 
lf; x wer LB Ree CIP) * for the other Polo. 


4 * 


PRO B. hv 


4 -.. lay Jnwn on the Projection any Angle required, 

ſpherical Angle ; the Inclination of two Circles (ſuppoſe two Meridians) upon the 
Sphere, meeting in a Point * che North or Gout Pole) an and _ Meaſure | is the Arch * 
* 
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* Circle included between the two Arches-which conſtitute the Angle at go Degrees diſtant 
_ from the angular Point, ſuch is the Equinoctial to the Angles made by the Interſection of the 
Jlepdng ar cher Fole, or the Horizon ty the vertical Circles that. need one another n the 


In this Problem therc are three Caſes. 85 3 
1. Wren the angular Point is at the Center of the primitive Circle. 
2. Wren the angular Point is in the Periphery of the primitive Circle. fn 
iN Ww the angular Point is any, where within the primitive Circle, but not in the Center, 


1 I : * 3 o 1 4 — a * a * * A * I a - 
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To make an Angle when the angular Point is in the dune of the primitive Circle. 
Ts is made in all Reſpects like a plane Angle; ſo if it was required to make an Angle of 
- $0 Degrees with the Line A g, you muſt take 50 Degrees in your Compaſſes from the ſame 
ine of Chorde by wWhietr you dre the primitive Circle, and lay that Extent from A to 7, then 
draw the Line fq, and it is done. FFF 
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75 male an Angle that the angulur Point may be in the Periphery of thr primitivs Grau. | 
r 
Lav it be requiredto mike the Angle A B equal to 40 Degrees. | 


1. From the given Point B, draw the Diameter B D, and croſs it at right-Angles with the 
Diameter A C, produc'd beyond C, (upon Occaſion.) 3 
2. TAE E in your Compaſſes the Secant of 40 Degrees, and then ſetting one Foot in B or D, 
the other will cut A C in the Point r, ſo is 7 the Center of the oblique Circle Bp d, which 
being drawn with the Radius r B or r D, will make the Angle A By or A Dp equal to 40 De- 
grees, as was required. 


. + 

Ir may happen, ihat yon have à Scale that has not the Line of Secants upon it, but only a 
Line — with ich you may work thus: Lay 40 Degrees from Ato n, then lay a — 
9385 6 N . UPO 


* 
4 


* 


* 41 * N — 
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upon B and u, and it will cut A C in p, ſo you have three Points, viz. BpD, thro which you 
may draw the Circle by Prab. 12 of Chap. 2, and find its Center at 7, as before. | 
On thus: Draw A 4 at Right-Angles to AC, and having 5 

found u as before, lay a Ruler upon and u, and it will cut the Line 

Ag in o, fo is 1% the Secant of 40 Degrees, and to be ſet from B, 

or D to r, as before, or take Ao, the Tangent of the given Arch, 

and ſet that from 7 to 7; ſo is r the Center of the oblique Circle 4 
Bp D, as above. 


4 


Cale 3. 


1 draw an oblique Circle de g, fo as to make a given Angle ( ſuppoſe of 34 Degrees) with a Right= 


Circle A ꝗ C, at the Point e. 


1. Tu * 3 and 9, draw the Diameter, or right Circle Age C, and croſs it at Right-Angles 
2. Lay a Ruler upon D and e, and it will cut the primitive Circle in o, produce g o, until it 
cuts the Tangent Cz in the Point x.. | | 2 HS 
3. Take Cn the Tangent of the Arch Coin Teer Compaſſes, and lay that on the Line AC 
from 1 to t, then is t the Center of a great Circle that would paſs thro” the three Points B/ 
n EF, 3 e mT 12 
4. Upon the Point f draw xx at right Angles with A C, and lay off the Tangent of the Com- 
pliment of the given Angle (to the Radius e) from ? either way to x, as occaſion requires. 
5. Uro the Point x, with the Diſtance x 2, deſcribe the Circle de g, the Angle Ac d is the 
Angle required to be projected equal to 34 Degrees. 
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Of 'TRIGONOMETRY, 


Note, That if you have not a Line of Natural Tangents to the Radius f, you may take the 
Radius of any Line of Chords in your Compaſſes, and then ſetting one Foot in e, with the 
other deſcribe an Arch, ſuch as /t y, upon which from ? (or any other Point in the Line AC 
where the Arch now drawn ſhall interſect it) ſet down 56. Degrees (the Compliment of 34 De- 
grees) ſuppoſe to Z, then lay a Ruler upon e and , and it will cut the Line x 7 in , the Cen- 


ter of the Arch g, e, d, as before. 
Cale 4. 


T dra an obligue Circle bo 2 u, through a given Point Apo 2 o in the obligne Circle Bop D), /o 
as to make with the ſaid Circle an Angle, ſuppoſe D o z, of 74 Degrees. 


1. Lay a Ruler upon the Pole 7 of the Circle B op d, and the given Point o, and it will cut the 


rimitive Circle in 5. ER | | — BJ 
2. From bet off go Degrees to c, a Ruler laid upon b- | 
the Pole u, and the Point c, will cut the oblique 5 1 


Circle BopD in 4. | 
3. A Rur ER laid upon o and d will cut the primi- 
tive Circle in x, from whence ſet off the given 
Angle 74 Degrees to v. e Fe 
4. A RuLEx laid upon o and y will cut the right A 
Circle A C in x, ſo now you have two Points s 
and æ, thro” which you may draw a great Circle 
bez u, as directed at Prob. 13 of Chapter the ad, 
and thereby form the Angle Doz = 74 Deg. 


WL 


To draw a great Circle thro a given Point making a given Angle with the primitive Circle, ſuppoſe of 
| 42 Degrees. 
R UL E. 


1. Wira the Tangent of the given Angle, and one Foot in the Center of the primitive Circle 
9 deſcribe an Arch oo. | Ry. * 5 
2. WIr the Secant of the given Angle, and one Foot in the given Point p, ſtrike an ** 
By ng. the former in the Point n, which Point is the Center of the oblique Circle x p d, an 
its Radius z p. Nel iN | Frey 
EXAMPLE. 


LeT the Primitive Cirele he — — ABCD 
Its Center —— ata 5 1 

| An» the given Point ↄ in the oblique Circle B p D, thro' which it is required to draw an 

oblique Circle æ p d, ſo that it may make an Angle of 42 Degrees with the primitive Circle. 


1. With the Tangent of 42 Degrees (to the Radius of the primitive Circle) and one Foot in 
the Center at g, deſcribe the Arch 7 9, Nun ) 
2. WITH 
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Of TRIGONOMETRY. ro: 


2, WIr the Secant of the ſame Angle, and one 
Foot in the given Point p, make an Arch cutting 
the Arch o o in 2, then is ꝝ the Center upon which 
(at the Diſtance of np) deſcribe the Circle x d 

which will make the Angle px B equal to 42 

Degrees, as was required. See the Figure fol- 
lowing. 


Note, That the Point p muſt be ſo far from the 

Center 9, that the Tangent from 9, and the Seeant 

from p, may interſect each other, elſe it is impoſ- 
ſible. | 


PROB. 4 
To araw a great Circle perpendicular 19 a given great Circle, | 
_.GENERAL EULER. 
2 AW a great Circle thro' the Pole of the given great Circle, and it will be perpendiculay 
In this Problem there are Four Caſes, either, | 
1. PERPENDICULAR to the primitive Circle, | 
2. A right Circle perpendicular ta a right Circle. 


3. Ax oblique Circle perpendicular to a right Circle. 
4. Ax oblique Circle perpendicular to an oblique Circle. 


Cale 1. 
20 draw a great Circl perpendicular to the primitive Circle, 


3 R UL. E. 
1 22 the Center of the primitive Circle (which is its Pole) draw the Diameter D B and it 


Cale 2. 
Tb dra & right Circle perpendicular to a right Circle, 
RULE. 


Tuns is done by drawing a Diameter, as DB ndicular to the Diame er or righ 
given CE. See the next Figure. "0. | 7 OE b ignt Circle 
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Of TRIGONOMETRY. 


To draw an oblique Circle perpendicular fo a right Circle. 
RK ULE 


1. Fixsr find the Poles of the given right Circle; 
2. Draw an oblique Cirele thro' thoſe Poles, 


EXAMPLE. 


B C D E is the primitive Circle 155 
A the Center thereof Given. 
B AD is a right Circle 


To draw the oblique Circle C q'E, per pendieular ts the right Cirds B A D. 


1. TakE the Chord of 5 Degrees, and lay it from B or P both ways to C and E, which are 
the two Poles of BAD. 8 5 5 ; 

2. WIr n any Diſtance, and one Foot of your Compaſſes in C, and then in E, draw Arches 
to cut each other in x, ſo is x the Center of the oblique Circle C4 E required to be drawn. 


Bou r here obſerve, that if the oblique Circle required to be drawn, was ſo limited as to make 
a given Angle with the primitive, ſuppoſing of 40 Degrees, then ſee Caſe 24 of Prob. ad, or 
take A o, the Tangent of the given Arch in Jour Compaſſes, and ſet that from ? to r, ſo will 
be the Center as before. See the Figure for the ſaid Caſe, © + a 


Cale 4. 


T0 draw an oblique Circ, ſuppoſe b p d, perpendicular to a given oblique Circh C E. 
I. Fix p the Pole p of the given oblique Circle C g E, by Caſe 3 of Prob. 1. 


2. DRA ſuch an Arch as may paſs thro” the Pole ſo found; and alſo interſect the primitive 
Circle in Points diametrically oppoſite, as at 4 and d, ſo will the oblique Circle 4 d be per- 
pendicular to the oblique Circle C Ek. * 
Bur if the oblique Circle be ſo limited as to paſs thro? a given Point, ſuppoſe e in the given 

oblique C E, then you have two Points, viz. the Pole at p, and Point e, thro which you may 

draw the oblique Circle þ ep d, thro* the Pole, as at Prob. 13 of Chap. 2. 
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Of TRIGONOMETRY. 1093 


AGAIN, if it had been required to draw the oblique 
Circle thro? the Pole p, or perpendicular to the oblique 
Circle Cy E, ſo as to make an Angle given at the primitive 
Circle; it may be done by Prob. 3, when poſſible. 


P R O B. 5. 
To lay off any Number of Degrees reckoned upon a great Circle. 
Ix this Prob. there are three Caſes. | 
As 1. On the primitive a 


2. On a right Circle: ' 
3- On an oblique Circle. 


Cale 1. 
To lay off any Number of Degrees upon the primitive Circle. 
RULE. 


Taxt from the Line of Chords (by which you did draw 
the primitive Circle) the Degrees given, ſuppoſe 32, and lay 
that Extent on the primitive Circle from A to d, and it is 


"RY 
1 
7 4 


Cale 2. 
To 1 off any Number of Degrees upon a right Circle AC. 
e ee Wk 


TAkx the Tangent of half the Degr | ces ziven, and lay them from the Center at 
the right Circle A C, and it is done. "_ oe” N * 
Tt | EXAMPLE 


* 
” 1 


1% Of TRIGONOMETRY. 
EXAMPLE .. 


 Lxr it be required to lay off 50 Degrees upon the right Circle A C, from p towards A, then 
lay the Tangent of 250 fob p tog, 10 5 the Part 5 9 = to 50 Degrees, or from the Line of half 

Fangents take 50%, and lay it fromStog, or laſtly, take 5o* from the Line of Chords, and 
lay them on the primitive Circle from D to b, then a Ruler laid from B to 6 will cut the right 
Circle in g, ſo is gp 502, as above, and A þ is equal to A? = 40. 39 _— 

Bor ſuppoſe q was a given Point in the right Circle A C, 
and it be required to lay 20 Degrees from that Point to- 
wards p, lay a Ruler upon D and g, and it will cut the pri- 
mitive Circle in s, then from your Line of Chords take 20 
Degrees, and lay that Extent off from s to t, lay a Ruler | 
from D to t, and it will cut the right Circle A C in o, ſo is 
90 = to 20 Degrees upon that Circle. 


Fd 


Cale 3. 


E lay off any Number of Degrees ( ſuppoſe 42) up as oblique Gircle, as B q D, from any Point given, 
| 48 from B towards q, &c rx. . 


eee 


1. Fix p the Pole of the oblique Circle (by Cafe 3 of Prob. x.) which let be at at ». 

2. From the Line of Chords, take 42 Degrees, and ſet them off from B to e, then lay a Ruler 
upon x, the Pole of the oblique Circle, and the Point e, and it will cut the oblique Circle in 
J thus B/ is 42 Degrees as required. ES | ++ th. 5 
Tux like may be done from any other Point in the ob- 

lique Circle, as if you would lay off 220 from 7towrrds 7. 


1. Lay a Ruler upon the Pole x, and Point /, and it will 
cut the primitive Circle in 2. | A 

2. Set 22 Degrees upon the primitive Circle from -to g, 
then a Ruler being laid upon x, and g will cut the ob- 
lique Circle in h, ſo is Fh = 22 Degrees. 8 


RNA 
| To meaſure any Part of a great Circle. 
Ix this Prob. there are three Caſes which are but the Inverſe of the former. 
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EXAMPLES. 


1. LEA it be required to find the Guantity of the Arch Ad of the primitive Circle. Take A 4 
in your Compaſles, and apply that Extent to the Line of Chords, and it will reach to 32 De- 
grees, the Anſwer. See the Figure for C2/z r of Prob. 5. | 

2. LEr it be required to find the Quantity of the Arch p 7 of the right Circle AC, hy a Ru- 
ler upon B andy, and it will cut the primitive Circle in 4, then take D 4 in your Compaſſes 
 appl 7 that Extent to the Line of Chords, and it will fall upon 50 Degrees, the Anſwer. Sce 
the Fig. for C2/e 2 of Prob. 5, where Ab is the Meaſure of A. 
3. LeT the Quantity of the Arch BF of the oblique Circle Bq D be required; lay a Ruler 

upon its Pole x, and Point f, and it will cut the primitive Circle in e; then take Be in your 
Compaſſes to the Line of Chords, and it will reach to 42 Degrees, the Anſwer. See the Fig. 


for Caſe 2 of Prob. 5. 3 
P R O B. 7. 
To meaſure any ſpherical Angle. In this Problem there are four Caſes. 
GENERAL RULE. 


Tax Diſtance of the Poles of the containing Sides is the Meaſure of the contained Angle. 
1. LET it be reguired to meaſure the Angle D 9 7, made at the Center of the primitive Circle. 
Take D in your Compaſſes, and that Extent laid upon the Line of Chords will give the 

Quantity of the Angle Dę n. See the next Figure following. „ 
2. To find the Quantity of the Angle RB T, made by the primitive Circle, and the oblique 
Circle Bs D, you muſt lay a Ruler upon the angular Point B, and the Pole of the primitive 
Circle , and it will cut the primitive Circle in D. 


Ac Alx, Lay a Ruler on the angular Point B, and the Pole of the oblique Circle at r, and it 
will cut the primitive Circle in o; take the Arch Do in your Compaſſes, and apply that Extent 
to the Line of Chords and it will there ſhew the Quantity of the Angle R BT. 


3. To meaſure the Angle R V B, made by the right Circle B VD and oblique Circle RV W, 
here A being the Pole of the right Circte, you need enly lay a Ruler on the Point V, and 
Pole of the oblique Circle at p, and it will cut the primitive Circle in y, ſo the Arch A y, taken 
your Compaſſes to the Line of Chords, will give the Quantity of the Angle R V B, as was re- 

quired, ox oa xy 

4. To meaſure the Angle B TG, made by the two eblique Circles BS D and G T », lay a Ruler 

upon the angular Point T, and their reſpective Poles at r and x, and it will cut the primitive 

" 1 and u, ſo the Arch I n taken in your Compaſſes to the Line of Chords will give the 

Quantity of the Angle required. Thus you work when the Convex Parts of the oblique 

Circles, which form the Angle as Bs D and G T' are the ſame Way, but when they are 
different Ways, as BT D and RV W, which form the Angle S T V, it is otherways ; for if 
it was required to find the Angle 8 TV, perhaps the Learner would expect the Anſwer, by 
laying a Ruler upon the angular Point T, and the reſpective Poles p ander, in order to find 
Points in primitive Circle z and m, which being found, take the Arch mm in your Compaſles, 
and apply that Extent to the Line of Chords, will give a certain Angle above go Degrees ; 
but you may be ſure that that is more than the Angle 8 ITV, becauſe the oblique Circle R V W 
is drawn between the oblique Circle B s D, and its Pole at r; however, tho” this is not the 
Angle ſought, yet it is its Supplement; ſo then the Angle S T V is known. But to come 
at it directly, you muſt make uſe of two ſuch Poles of theſe oblique Circles RT W and 
BT D, as are on the ſame Side of the Center of the primitive Circle, ſuch as r, the upper 
Pole of the oblique Circle B s D and e, the lower Pole of the Circle RV W, fo a Ruler laid 
on the angular Point T and r, will cut the primitive Circle in q, and being laid upon T and 
e, will cut the primitive Circle in 7, ſo m/ is the Meaſure of the AnyleS TV. 5 

r 
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Or if you had laid the Ruler upon the angular Point T and p, the Pole of the oblique Circle 
RT W, to find the Point 2, and upon T and & (which is the Under-Pole of the Circle 
BS P), it would cut the primitive Circle in g, then the Arch 2 g, is alſo the Meaſure of the 
Angle 8 T V, as before. e Wee 


rr nne 


PREAS KG ih. 


About any Point as a Pole, to deſcribe a great Circle. 


Tu is has Three Caſes. | 


Ir the Point be in the Center, then the primitive Circle is the great Circle required. 


Ir the Point given be in the primitive Circle, as at 4, through 4, and the Center of the pri- 


mitive Circle d, draw the Diameter hc, then draw the Line @ e through the Center d, and at 
Right-Angles to bc, ſo will 4e be the great Circle required. 2 75 | 


1 


-” 
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Cale 3. 


Ir the Point be neither in the Center, nor in the primi- E 

tive Circle, but in ſome other Place, as b; . 

1. THROUGH the Point 5 draw the Diameter 9, and at 

Right Angles thereto draw the Diameter à c. 

2. From athroughs. . . . draw the 
Line a e, then ſet off the Arch ce from # to /, and draw 
the Line a of, then will o be the Center, and à o the Ra- : ; 
dins of the Circle which was to be drawn. | * : L 


„„ >—c— 
4, 


- 
0 — 
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On thus: Let a5 cd be the primitive Circle, and g the 
the Point about which a great Circle is to be drawn. 

1. Fxox a through 9 draw the Line ar, and taking go 
Degrees from a Line of Chords ſet that Extent off 
from r to a and o. 

2. Lay a Ruler from 2 to x, and it will cut à d in . 

Again, lay the Ruler from à to o, and draw the Line 


2 at through o. ' 
3. Biſſect sf in x, ſo x will be the Center of the Circle 5 
required, and its Radius a x. 


Dx the Line 44 through the Point 4, and at Right- 
Angles thereto draw a c; then from à through 9 
draw the Line ar, &c, 1 


e 2 


P R O B. 9. 
To draw a leſſer Circle, parallel ta any great Circle. 
In this Problem there are Three Caſes. 
1. A Parallel to the primitive Circle, L 5 


2. Parallel to a Right Circle. 
3. Parallel to an oblique Circle. 


Cale 1. 
To draw a Circle parallel to the primitive Circle. 


I. Take the Diſtance of the Parallel from the Pole or Center of the primitive Circle in your : | 
Compaſſes out of the Line of Chords, and _—_ that Extent off from D to /. = 


2. LAY 
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. Lay a Ruler upon B and 7, and it will cut the Diameter 
7 AC in the Point c, then 2 the Radius of the Parallel to 
be drawn upon the Center o. my y 1 
On, Take the Half- Tangent of the Parallel's Diſtance from the 
Pole at o in your Compaſſes, and with that Extent, ſetting one 

Foot in the Center o, deſcribe the Parallel. 


— 


Cale 2. 


To draw a Circle parallel to the Right Circle DB. | 


1. By Help of a Line of Chords, lay the parallel Di- 
ſtance from the Right Circle; from B to 5, and 
from D to 4; then lay a Ruler on D and 4, and it 
will cut the Diameter A c in c, a third Point thro? 
which the Parallel 5 c 4 muſt paſs. 8 — 
2. O having as before found þ or d, ſet the Tangent 
of the Parallel'sDiſtance from the Pole of the Right 
Circle; from either of them to ;, ſo is x the Cen- 
ter of the Parallel to be drawn. 95 
3. Ox ſet the Secant of the Parallel's Diſtance from 
the Pole of the Right Circle BD, from the Center 
of the primitive Circle to x, the Center of the Pa- 
rallel þ c d, as before. | 


Cale 3. 
To draw a Circle parallel to an FW Circle BG D. 


Find the Pole p of the oblique Circle B G P, then lay a 
Ruler upon D and p, and it will cut the primitive Circle 
in z; from ⁊ ſet off the Diſtance of the Parallel from the 
Pole of the oblique Circle both Ways to x and y; then 
lay a Ruler upon D and x, and D and y, and it will cut the 
Right Circle in e and /, biſſect e / in the Point g; fo is 4 
the Center of the parallel Circle required to be drawn, and - x 
F its Diameter, - en 


£2.38 
Re 
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ODT 
Sphezital Tyangles. 


I, A Spherical Triangle, as well as a right-lined Triangle, doth conſiſt of Six Parts; namely, 
Three Sides and Three Angles. | | : 

2. Tye Three Angles of every ſpherical Triangle, are the Arches of Three great Circles of 
the Sphere, every one of them being leſs than a Semicircle. | 

3. A great Circle of the Sphere is ſuch as divides the whole Sphere or Globe into Two equal 
Parts, and fo is every-where diſtant from its Poles qo Degrees. 

4. A great Circle of the Sphere is cut at Right-Angles, and in Two 
equal Parts by a Circle which paſſes through its Poles ; ſo in the 
Figure following I ſay, that if in the Circle BEDF, whether great 
or ſmall, whoſe two Poles are A and C, thro' which the great 
Circle ABCD paſſes, this great Circle ABCD, cuts the Circle BE 
DF, = two equal Parts; ſo that each Part BED, BFD, is a Se- 
micircele. 

5. Ir from the angular Point A, of a ſpherical Triangle as a Pole, you 
deſcribe, with an Interval of go Degrees, a great Circle B K D, the 
Arch of this Circle B K, included between the Sides of the Angle 

AB, AK, will be the Meaſure of the ſame Angle, viz. of BAK. 

6. Every ſpherical Triangle as A D E, hath, oppoſite to each angular Point (if you continue 
the Sides until they meet), another Triangle having the ſame Baſe with the former as A D, 
and the Angle oppoſite thereto equal, the other Parts of it are the Complements of the ſe- 


VvVveral Parts of the former to a Semicircle. 


LET ADE be a ſpherical Triangle, then extend the Sides thereof D A and DE, until they 
meet at H, alſo AD and A E, until they meet at G, and laſtly E A and ED, until 
they meet at F, then are the Arches DAH, DEH, AEG, ADG, E DF, and 
EAF, Semicircles; and thus to each angular Point of the Triangle ADE, there is 
oppoſite another Triangle, having the ſame Baſe with the former, c. As to the 
angular Point E, there is oppoſite the Triangle AF D, whoſe Angle at F is equal 
to the Angle at E, and Baſe A D, common to both Triangles, and the Sides F A, and F D, 

are the Complements of the Sides AE and DE, And the Angles F AD, and FDA, are 
the Complements of the Angles E AD, and and E DA, to a Semicircle, and the like may 
be ſaid of the Triangle D G E, which is oppoſite to the angular Point A, and of the Tri- 
angle A HE, which is oppoſite to the angular Point D; ſo that if there be three Things gi- 

ven in the Triangle ADE, there are the like given in every one of theſe Triangles. 

Note, If therefore the Triangle to be reſolved be obtuſe angled, or have two of its Sides either 
of them greater than a Quadrant, tho' you might find the Thing required in that, yet it will 

be moſt convenient to reſolve one of the leaſt of the three Triangles oppoſite to its angular 

Point; as if a Queſtion was propoſed in the Triangle A D E, it may more conveniently be 

vrought in the Triangle AF D. | He 

P 2 7. TAE 
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7. Tux Sides of a ſpherical Triangle XV, may be reduced into the Angles of the Triangle 
AED, and the Angles of the Triangle AED, into the Sides of the Triangle X V Z, Cc. 
Thus, Let A be the Pole of the Circle Z V do, E the Pole of the Circle xy u, and D that 
of the Circle x Za ; alſo let y be the Pole of the primitive Circle, Z the Pole of the Circle 
A Dadg, and x that of the Circle E Df. | En | 

BuT | | — — X d O 
and | | —— — — Y4+ZY=90 | 
here V 4 is common, therefore d oZ V, now do, being the Meaſure of the Angle o Ad, 
then Z Y muſt be ſo too. 5 | w | 0 

Ad AIN, Zf+fg=90* here Z / is common, therefore Z x = fg, but Fg is the Meaſure of 
and Zf+Zx=90 { the Angle ADE, then Z x is equal to the ſame Angle. | 

THIRDLY, Y e+e2u=90* Ve is common, therefore e z=y x, but 2 4 is the Meaſure of the 
and Ye+Yz=90 5 Angle e E x, then is V, the Meaſure of the ſame Angle, 
which is the Supplement of the Angle AE D. | | 


8. Tux three Angles of any ſpherical Triangle are more than two Right-Angles, and leſs 
than ſix. | 

9. In every ſpherical Triangle, the external Angle is leſs than the two oppoſite internal Angles. 
10. THE Sum of any two Sides of a ſpherical Triangle is greater than the third. 5 
11. A ſpherical Triangle having one or more of its Sides Quadrants, is called a quadrantal Tri- 
angle. | : | N 
12. Two oblique Angles of a ſpherical Triangle, are either of them of the ſame kind with their 
_ oppoſite Sides. | nies 

13. WHAT any Angle or Side wants of go Degrees, is called the Complement of that Angle or 


Side, and what they want of 180 Degrees, is uſually called the Supplement of that Side or 
Angle. | 1 755 
- HAF. 


CHAP. XIII. 


The Solution of the ſixteen Caſes of right-angled Spherical Triangles. 


T HAT the Learner may advance with Certainty, and conſequently with Pleaſure, it will be 
neceſſary to demonſtrate ſome of the moſt uſeful Theorems or Axioms by which the ſe- 
veral Caſes in right-angled ſpherical Triangles are reſolved. | 


Axiom 1. 
In right-angled Triangles having the ſame acute Angle at the Baſe, 
Tux Sines of the Hypothenuſes are in direct Proportion to the Sines of the Perpendiculars, 
and the contrary. | OR | | 
1. The Demonſtration of this Axiom and the next will beſt appear from Paper or Paſte-board, 
cut as in the following Figure ; in which ſuppoſe two Arches AB, and AC, and that ABN, 
the Plane of the greater Arch, was turned round A N, until that a Right-Line falling from 
B, perpendicular to the Plane ACN, may fall upon ſome Point of the Line H C, ſuppoſe on 


F, for in that Poſition BCA will be a ſpherical Triangle right-angled at C, of which the Side 
AB is the Hypothenuſe, AC the Baſe, and BC the Perpendicular. | | 


2. Axpo ſuppoſe B C (Numb. 2d) of the Triangle A B C fitted according to its Letters; draw 


C Dand BE perpendicular to A H; ſo the Line C D will be the Sine of the Baſe A C; the 
Line BE will be the Sine of the Hypothenuſe AB; and the Line BF will be the Sine of 
the Perpendicular BC; and their Coſines will be the Lines DH, E H, and F H. Theſe 
things being done, or a true Idea formed, the two firſt Axioms of ſpherical Triangles will 
preſently appear; to which end, let the Arch I L (Numb. 3.) be alſo fitted in the Figure, 
according to its Letters; then in the two right-angled: Triangles B A C, and I A L, having 
the ſame acute Angle at the Baſe, viz. B AC, and AL, it will be, 
As BE: BF:: IH: IK, that is, | | 1 
As BE, the Sine of the Hypothenuſe 2 in the little Triangle 
1s to BF, the Sine of the Perpendicular F ABC, 1 
So is IH, the Sine of the Hypothenuſe * the great Triangle 
To I K, the Sine of the Perpendicular 5 AE. 


Axiom 2. 


Ix right-angled ſpherical Triangles having the ſame acute Angle at the Baſe, 
THe Sines of the Baſes are proportional to the Tangents of the Perpendiculars, and the con- 
trary, CD: CG: LH: LM; that is, 


As C D, the Sine of the Baſe _ pn the little Triangle 
Is to C G, the Tangent of the Perpendicnlar y A BC, 
So is LH, the Sine of the Baſe. in the great Triangle 


To LM, the Tangent of the Perpendicular F AIL. * 
or 


* 
A 
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For the two right-angled Triangles E B F and HI K are fimilar, and ſo are the Triangles DCG 
| eas 


Ore e Sor oboe 4 


To apply theſs two Axioms to the actual Tobin 4 the ſixteen Caſes of right-angled ſpherical 
| Triangles, | 


1. LET ABC (ſee the Figure next following) be a right-angled Triangle, which you may call i 
the original Triangle, becauſe its Parts, or their Complements, do ſometimes (if I may uſe F 
the Expreſſion) branch and ſpring up in other Triangles, where they appear otherwiſe than at = 
firſt, having its Sides produced to A E, AD, CF, Sc. Alſo let B K. BL, and LG, be Qua- 
drants; and moreover, let F I and FH be Quadrants; then becauſe A E and B L are Qua- 
drants, and B E common to both, therefore AB E L, in like manner ED=FG =L 
E A D, BC = FK, BF =I, and FE = GH, alſo the Complement of AC is C D=L 
CFD ZL HF I= HI, Cc. and the Angles M, C, D, E, L, K, I, are Right-Angles. 

2. Now, in this Figure you have twelve right-angled Triangles or fix Pair of ſimilar Triangles, 
each Pair, ix. | * 

1. ABCandAED 


2. F E B and FDM“ 
3 = re £143 7 having the ſame acute Angle at the Baſe. 
5. F K G and F IH i 


. Taz Things given and required, or their Complements, will always be found in one or 
other of theſe Pair. But then it muſt be in that Pair where they ſhall be either two Hypo- 
thenuſes and two Perpendiculars, that they may fall under the firſt Axiom, or where they 
ſhall be two Baſes and two Perpendiculars, and then they will fall under the ſecond Axiom. 

Note, That if the two Parts given, and that required, lie together, then the Queſtion falls un- 
der the ſecond Axiom, and ſo you muſt reduce them to one of the fix Pair of * 
where 


a 9 * EF een 
e / ea ets dos 
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where they En Radius, which is always one of the four Terms concerned) may be Baſes 


SypPOsE, that in the right-angled Triangle A B C, you have given the Baſe A C, and Angle 


at the Baſe B A C, to find the Perpendicular B C. 


HERE you ſee, that the two Parts given, and that required, lie all together (for though the 


Right-Angle at C is between the Baſe and Perpendicular, yet tis ſaid never to part them; and 
ſo the Queſtion falls under the ſecond Axiom, in which Baſes and Perpendiculars are employed. 
Now when you have conſidered the Figure, you'll preſently know that the Queſtion may be 


anſwered by the firſt Pair of Triangles, viz. ABC, and AE D; for in the great Triangle 
AED, you have the Baſe A Doo (or Radius) and the Perpendicular D E equal to the Angle 


D AE, being the Meaſure thereof, to compare with A C the Baſe, and BC the Perpendicular 
in the little Triangle ; whence, according to the ſecond Axiom, you may form the following 


Analogy. 
As A D, the Baſe of the great Triangle, 

Is to A C, the Baſe of the little Triangle, 

3o is DE, the Perpendicular of the great Triangle, 
To B C, the Perpendicular of the little Triangle. 

Bor to give thoſe Sides their Names, you muſt ſay thus: 
As Radius — — — — | 
Is to the Sine of the Baſe — — 

So is the Tangent of the Angle at the Baſe (EAD) — = 


EXAM PLE % 


SupposE that in the ſame right angled Triangle A BC, you have the Baſe A C, and Angle 
at the Perpendicular A B C, to find the Perpendicular B C. 


HERE again, the two Parts given, and that required, lie all together, ſo the Queſtion falls 


under the ſecond Axiom, and may be anſwered by the fifth Pair of Triangles FK G, and 
FIH ; for the Complement of AC is CD=L CFD=L HFI=HI, and the Angle 
AB C is equal toKBL=LK, whoſe Complement is G K; ſo then, in the great Triangle 
F IH, you have the Baſe F I = 90* (or Radius) and Perpendicular HI, to compare with F K, 
the Baſe of the little Triangle, and G K its Perpendicular. Then the Analogy will run thus: 
As the Tangent of HI, the Perpendicular in the great Triangle, 
Is to the Tangent of G K, the Perpendicular of the little Triangle, 
So is Radius, or Side F I, in the great Triangle, | 
To the Sine of the Baſe F K, in the little Triangle; but F K is equal to B C, the Side re- 


quired. DE 
EXAMPLE 3. 


SUPPOSE that in the ſame original Triangle AB C, you have given the Angle at the Baſe 
BAC, and the Angle at the Perpendicular A B C, to find the Perpendicular B C. 


In this Caſe you have two of the three Parts, viz. the Perpendicular B C, and Angle at the 


Perpendicular A BC, lying together, and the third, viz. the Angle at the Bate B A C, lying by 


itſelf, as being ſeparated from the Perpendicular by the Baſe AC, and from the Angle at the 


Perpendicular A B C, by the Hypothenuſe A B. 
Now, whenever the Parts given and required lie in this manner, and not altogether as in the 


two former Examples, then the Queſtion falls under the firſt Axiom, and ſo you muſt reduce 


it to one of the fix Pair of Triangles, where they (and Radius) may be Hypothenuſes and Per- 
| : pendiculars, 
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| 

pendiculars, which, in this Caſe, will be in the third Pair, viz. B E E, and B I. K, where F Eis 

the Complement of D E, equal to the Angle B A C, L K is equal to K B LA BC, B F is the 
Complement of B C, the Side required, and B K is Radius = go". 5 

I the great Triangle BK L, you have the Perpendicular K L, and Hypothenuſe B K, to 

compare with F E, the Perpendicular of the little Triangle BF E, and B F its Hypothenuſe. 

Then, according to the firſt Axiom, ſay, | | „ 


As the Sine of the Perpendicular in the great Triangle N KL) 
Is to the Sine of the Perpendicular in the little Triangle FEI 
So is Radius, or the Sine of the Hypothenuſe in the great Triangle B K 
To the Sine of the Hypothenuſe of the little Triangle BF.) 


Whoſe Complement to go Degrees is B C, the Side required. 


 Havinc now premiſed what I thought would give the Learner a clear Notion of this Me- 

thod, the next thing propoſed was immediately to give unter of the ſeveral Caſes; but 
that nothing might be wanting, we did refolve to make him acquainted with the Univerſal 
Axiom invented by the Honourable John Napier Baron of Marchiſton in Scotland, under which 
all- the Caſes of ſpherical Triangles, but two, will fall, and thoſe are the two laſt Caſes of 


oblique angled Triangles, | 
7 | 1 
Axiom 3. 


Tux Sine of the middle Part, multiplied by Radius, is equal to the Rectangle, or Product 
1. 535 the Tangents of the adjacent Extreams, or 5 
To the Rectangle of the Sines Complements of the oppoſite Extremes. 
Tus you may work by the natural Sines and Tangents; but to perform the ſame by the Lo- 
garithms, it is thus: = Gs 


] 


HE Sine of the middle Part more (or added to) Radius is equal to the Tangents of the 


adjacent Extremes, or | 
To the Sines Complements of the oppoſite Extremes. 


2, 


* 
- 


THe Truth of the two firſt Axioms having been ſufficiently demonſtrated already, we may 


ſafely uſe them, and the following Theorem, as it were Teſts to prove the Truth of both 
Parts of the third Axiom. | 


A 


3 — ooo 


—— — CT 


” 
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A Theozem. 


Rapi1us is a Mean Proporyidual between the Tan- 7 

gent of an Arch and the Tangent Complement of the * 
me Arch. 

N Let the Arch be D f, whoſe Complement is / A, its 

Tangent is D C, and Tangent of its Complement AB, 

AE, or D E, is Radius, which my wp call R; now 

the Triangles ABE, and CD ilar ; there 

fore it will be, 

As AE (=R) : AB: DC: DE = 

THAT is, As R: A B: DC: herefore 
ABR DES R. , E. D. 

Now that it might be known from whence this uni- | 
verſal Axiom is deduced, we muſt ſhew, that if five 
Circles of the Sphere be ſo drawn „that the firſt may interſe the ſecond, the ſecond the third, 
the third the fourth, the fourth the fifth, and the fifth the firſt at Right-Angles, the right- 

angled Triangles made by their Interſections, do conſiſt of the ſame circular Parts. 

LET I GA B, be the firſt Circle BL F, the ſecond, F EC the third, C A D the fourth, and 
HLE I the fifth : Then do theſe five Circles retain the Conditions required, the firſt inter- 
ſecting the ſecond in B, the ſecond the third in F, the third the fourth in C, the fourth the fifth 
in H, the fifth the firſt in I, and theſe Interſections at B, F, C, H, I, are at Ri cht- angles; there- 
fore the ri 1 ed Triangles, made by the Interſections of the Cine. namely, ABD, 


DHL, L Gl, and & C A, do all conſiſt of the ſame circular Os n 
Parts in wk one of theſe OR are as follows: | 
11 (ABD) AR, BD >» * , cAD . DAB. 
a 1 5 
2 JIDHL cHLD, c 1 WY A 5 
| | | oY | L K 4 
J3 In“ LFE & are 1 cE e F ; „EI. 
| mY 
| | 1 : 4 5 | | 25 ; 
ls) UGCA ( G. cAGC:. do . oh 0b AG... 


Where you muſt obſerve, that the Side A B in the firſt Triangle is 48 1 of HLD 


in the ſecond, or, Complement of E L F, in the third, or I G in the fourth, or Complement of 
An the fifth. * See Norwoed's Doctrine of Triangles. 


In this Fig. G from D, D from E, E from A, A from L, L from G, are diſtinguiſhed by 


Arches equal to a Quadrant; ſo there are five quadrantal Triangles, VIS, G CD, EDE, ECA, 
AH L, and * E, all under the ſame Axiom. 


Taest 
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Tas? things being well conſidered, we may ROY to demonſtrate the Truth of the third 
Axiom, which conſiſts of two Parts, each of them admitting of three Caſes ; and firſt we are to 
prove, that the Sine of the middle Part more Radius, is equal to the Tangent wennn of 
the adjacent * or * e Tangent of one, and T. e. of the cs 


Caſe I. 


crea in the Triangle A BD in the laſt Fig. the Perpendicular A B, the Baſe D B, and 
Angle at the Perpendicular A, here A B is the middle Part and the Angle at A, and Baſe B D, 
adjacent Extremes, then by the third Axiom it will be 


| 1 | S. ABxR=tDBx f. c. A; or by the Logarithms, S.AB+R=? DB. c.A. c. A. 
By Axiom 2d | 2 | S.AB: R T DB T7. XA EF: R (=A2) :: 2 DB: TA H= DIE) 
2 Alterned 3|SAB: . DB R: T A. 
But IR: Ant,. A: R, by the laſt Theorem. 
3 By Subſt 5 S. AB: f. DB:: f. c. A: R. 

| 6 | S.ABXR=7.DBXr.c.A. or by the Logarithms, S.AB+R=e. DBT. c. A. 


S* 
| Tus 6th Step being the ſame as the firſt, demonſtrates the Truth of the 3d Axiom. 
Note, THAT the two laſt Terms of the third Step being R: f. A. and :: f. c. A: R. at the 4th 


Step, being in the ſame Proportion as R: f. A. therefore t. c. A: R is ſubſtituted, as at the 
5th Step, inſtead of R: f. Ain the third. 


Tux Truth of the ſecond Part of the third Axiom may be proved thus : 
Given the Baſe DB, and Perpendicular A B, to find the Angle at the Perpendicular A. 


by 
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Axiom 3d ] S. ABE R. A ? 
* 1 DB g | 
By Axiom 2d 2 S. AB f. c. DB. e. A. 

i 0 OE © FL 

221 |3j] S.ABxt.c DB_S.ABxR 

2 E 

3 —— S. AB. 4 Fi . D B __ R 

. =” os 
« in Analog. [6] 7 DB: R R: f. c. DB. This being the ſame with the Theorem, 


may prove the Truth of both the Axioms whence the firſt and ſecond Equations were formed. 


Cale 2. 


Given in the Triangle DL H, the Hypothenuſe LD, the Baſe L H, and L the Angle at the 
Baſe. Here, the Angle at the Baſe L, is the middle Part, L D, and LH, are adjacent Ex- 
tremes. | "1 „ | 

IT was demonſtrated at the 6th Step of the firſt Caſe, FS. ABXR=z7 DB X f. c. A.) 
from the ſecond Axiom and the Theorem, that -3 || i! [| [| 0 
 C Anp the Equation for this Caſe by the third Axiom is S. c. LX R f. c. LD Xr. LHA 
No comparing theſe two Equations with the Scheme, you'll find that each Member of the 
ſecond is equal to the reſpective Member of the firſt ; which demonſtrates the Truth of the 
laid Axiom in this Caſe alſo. 


— 


Givx, in the Triangle G CA, the Hypothenuſe G A, together with the Angles G and A. 
Here the Hypothenuſe G A is the middle Part, and the Angles at G and A are adjacent Ex- 
tremes. 1 = | 
From the firſt Step you have — S. ABXR=z DB Xr. c. A 
Ap, according to the third Axiom, the Equation for 4 App [| 1 
this Caſe is | 5 S8. c. G AX RS. c. GX f. c. A 
Nov, again, if you compare theſe two Equations and the Scheme together, you'll find that 
each Member in © ha ſecond is equal to its correſponding Member in the firſt. Q, E. D. 
THERE remains now to prove the Truth of the ſecond Part of the third Axiom, viz. That 


the Sine of the Middle Part multiplied by Radius, is equal to the Rectangle, or Product of the 
oppoſite Extremes. And this admits of three Caſes, as aforeſaid. 2 5 | 


Caſe 1. 


Given, in the Triangle A B D, the Baſe DB, the Hypothenuſe A D, and Angle at the Per- 
pendicular A. Here D B is the middle Part, and A D, and the Angle at A the oppoſite Ex- 


tremes. 
” —I TEN 


118 Of TRIGONOMETRY. 


THen, by the firſt Axiom, it will be as R: S. AD:S.A:SDB 
THEREFORE, — 8. DB Xx RSS. A Dx S. A 
Ax p, by Axiom the third, it is — S. DB N RSS. A Dx 8. A 5 

TuksE two Equations being the ſame, demonſtrates the Truth of the ſecond Part of the 


third Axiom in this Caſe. 
Cale 2. 


-Given, in the Triangle DH L, the Hypothenuſe D L, the Perpendicular D H, and Baſe 
H L. Here the Hypothenuſe D L is the middle Part, and D H, and L H, are oppoſite Ex- 
tremes. | bY Rs 


Now, by the firſt Axiom, you have, as R: 8. ( DH S.. L H: S. . LD 
THEREFORE, — — S8. c. LD x RSS. c. LH XS. c. DH; 
Axp, by the third Axiom, it will be — S. c. L BX RS S. c. LH X S. . DH c 


Cale 3. 
Given, in the Triangle I E G, the Angle at G, the Angle at E, and the Side 1 E. Here 
the Angle at G, is the middle Part, and the Angle at E, and Side I E, are oppoſite Extremes. 
By the firſt Axiom it is ass — R. z. E 2 . c. EI: S. c. G 9 e 
THEREFORE, — — 8. c. GRS. c. EIXS. ET 
AND, by the third Axiom, it is — S8. c. Gx R 8. c. EI XS. E 
TRE ſame Axiom may be applied to quadrantal Triangles, as A D L (whoſe Side A L is a 
Quadrant, and they have five Parts beſides the quadrantal Side, viz. the Side L D, the Angle 
at L, the Angle at 4, the Side 4 D; but three of theſe which are furtheſt from the quadrantal 
Side, viz. L D, Angle at D, and Side 4 D, are noted by their Complements, and ordered as 
a right-angled Triangle. | 
In uſing the third Axiom (as well as the firſt and ſecond) we muſt conſider every ſpherical 
Triangle as conſiſting of five Parts beſides the Right - angle; that is to ſay, three Sides, viz. 
I. Tax Hypothenuſe, 4 B | 
2. THE Baſe,, — 40 2 ” 
3. Tre Perpendicular B C, and two Angles, viz. 
4. Tux Angle at the Perpendicular ABC 
5. The Angle at the Baſe — B AC. 5 
Or theſe five Parts, the Hypothenuſe, the Angle at the Perpendicular, and Angle at the Bafe, 
are always noted to be Complements; ſo that whatever the Axiom directs you to do with an 
of theſe three Parts, you muſt juſt do the contrary. My Meaning is this, that though the 
Axiom ſays the Sine of the middle Part more Radius, &c. yet if either of them happens to be 
middle Part, you muſt then ſay the Co- ſine of the middle Part more Radius, &.. | 
AGAIN, the Axiom fays, that the Sine of the middle Part more Radius, is equal to the Co- 
fines of the oppoſite Extremes; but if ene or two of theſe happens to be oppoſite Extremes, 
then you muſt ſay the Sine of the middle Part (if that is either the Baſe or Perpendicular, for 
theſe two will always obey the Axiom) more Radius is equal to the Sines of the oppoſite Ex- 
tremes, &c. as you may obſerve throughout the following Examples. 
Now, if any two Parts be given in a right-angled ſpherical Triangle, beſides the Right-angle, 
you may find a Third ; but of theſe three one will be the middle Part, and the other two will 
be Extremes, either adjacent or oppoſite; and to know of which ſort they are, you muſt ob- 
ſerve (See the Fig. next following), | 
I. THAT 
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1. Tur if the three Things concerned in the Queſtion lie altogether, as if they were, 


T 
1. BAC) Then 4 Cis the middle Part, and the Side B C, and Angle BAC, Extremes ad- 
4 3 jacent. | 


„ AC {Here the Angle B 4 C is the middle Part, and the Sides 4 C and 4 B, adjacent 
4 : B Extremes. | 
t 


Go 
= 
= 
0 

— 

2 
Qa 

W-.. 


© C Here the Angle ABC is the middle Part, and the Sides A B and B C adjacent 
1 B C Extremes. EE 


vT when two of the three Parts lie together, and the third by itſelf, then that, that lies by 


itſelf, is the middle Part, and the other two are oppoſite Extremes, as if the three Parts 
concerned were, | 


4 1: BAC Tere the Angle at 4 is the middle Part, and the Angle AB C, and Side B C- 
M9 BC oppoſite Extremes. i e 

«Or if they were, | „ 

„ A C CHere the Side A C is the middle Part, and the Side A B, and Angle A B C, are 

f AC oppoſite Extremes. 2 | 

6. If they were, 


x 1 8 C1 Here the Angle B A C is the middle Part, and the Side B C, and Angle A B C, 
3. BACH re oppoſite Extremes. N 5 
7. Je they were, 


2 12 8 Here the Angle A B C is the middle part, and the Side A C, and Angle B A , 
AB ef Te oppoſite Extremes. abs 1 8 

8. Or laſtly, if they were, | | 
„ B C Here the Side A B is the middle Part, and the Sides A C and B C are oppoſite Ex- 
AB) tremes. | | 


HEN you are to form an Equation according to the third Axiom, you will always have 
two Things upon each Side, of which R or Radius, will be one ; then obſerve upon which 
Side of the Equation the Part of that you want is, and what is placed with it; for whatever 
that is, it muſt be on the other Side with the negative Sign (—) before it, that fo the Part re- 

quired may ſtand upon one Side alone, and the other three Parts upon the other Side. 


EXAMPLE EE. 


SUPPOSE you have the Angle at 4, and the Baſe 4 C, given to find the Perpendicular B C. 

HERE AC is the middle Part, and the Angle at 4, and Side B C, are adjacent Extremes; 
then, by the firſt Part of the Axiom, you'll ſay the Sine of AC ＋ RS f. c. A + f. B C. But be- 
cauſe B C is wanting, the Equation will ſtand thus: S. AC R — f. c. A= f. BC. Which 
ſhews, that unto the Sine of A C, you muſt add Radius, and from the Sum you muſt ſubſtract 
the Tangent of the Complement of 4, and the Remainder will be the Tangent of B C. Theſe 
things being premiſed, we ſhall give Examples of all the ſixteen Caſes ; in order to which, let 


the Numbers that are in the ſecond Figure be uſed in all the Cafes, and let the Triangle A BC 
(Fig. Caſe 1.) be called the original Triangle. 


i 2 EE The 
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The Ambiguities of right-angled ſpherical Triangles may be ſolved by the Figure following. 


1. Tux Sides including the Right-angle, are of the ſame kind with the Angles oppoſite to 
them. 
So in the Triangle B D A, becauſe D A is greater than the Quadrant DP, the Angle DBA 
is greater than the Right-angle D BP, and in the Triangle BCA, becauſe A C is leſs than 
the Cuadrant P C, the Angle CB A is leſs than the Right-angle C B P. 
2. Ir the Legs, and conſequently the Angles, are of the ſame or of different Kinds, the Hypo- 
thenuſe is accordingly greater or leſs than a Quadrant. 25 1 | 
So in the Triangles ED A, and E CA, the Hypothenuſe AE is leſs than a Quadrant; but 
in the Triangle BD A, the Hypothenuſe A B is greater than the Quadrant B P. 
3. Ir the Hypothenuſe be leſs than a Quadrant (or go Degrees), the Legs are fimilar, and ſo are 
the two oblique Angles ; but if the Hypothenuſe be greater than go Degrees, the Legs are 
diſſimilar, and the oblique Angles diſſimilar. | | 
4. IF the Hypothenuſe be } — © than 90 Deg. each Leg ſhall be 
jacent Angle, this follows from the firſt and ſecond. 


5. Anp, on the contrary, if the Leg be 33 nt to its adjacent Angle, the Hypothenuſe 


j 1 to its ad- 


| | leſs 
will be 1 Te ater © than go Degrees. ä 3 
Muck more may be faid about the Ambiguities of ſpherical Triangles, but of little Uſe to 
thoſe that are well acquainted with the Sphere or Globe, and know how to project ſuch Circles 
thereof, as they may have occaſion for in any Caſe, we T5 2 


A TRIGONOME FAY: 2= 


For the R eſolutton of the Sixteen Caſes of right-angled ſpherical J. rieugles, the Data, 
or Things given, can admit of no more than fix Sorts or Varieties, « as [JOE 


| F wa J 
. AB 1 B * 
= and 2 AC 2 
bn 4 
2 Dat : Quere 4 AC 0 ig 
: 01 3 B 6 
| AF 
E 3 Dat. a and > Quere Bs © , | 
7 1 Kol 
( Quere e 45 
3 12 
| Ac 85 1 AB a 1 
5 Dat. and Quere TEK 1 
30 Sx "By ol. 14 || 
A I AD 3 
6 Dat. Land Quere 1 
| 'B 2 16 


2 n 
* eo” 
5 
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Cale 1. 


Given the Hypothenuſe AB=72* : r3/ and Perpendicular BC ro: oo, to find the Angle 
at the Perpendicular B. 


Wer the Parts given, and that required, are reduced, they will fall in the fourth Pair of 
Triangles ; GK F, and G LE, there making two Perpendiculars, viz. LE and K F, and two 
Baſes G K, and G L Radius. > | 9 i 

Now, ſay by the ſecond Axiom, | 

As the Tangent of LE (A B the Hypothenuſe) = 720: 19/ — 10.493847 

Is to the Tangent of KF (B C) the Perpendicular 50 Ol — 4 


So is Radius L G = 90? h _— 61865 


To the Sine of G K = 22* : 28“, whoſe Comp. is K L KB L / 32 9.5823057 


Ix you would do this by the third Axiom, then the Angle at B is the middle part, and the 
Sides A B and BC are adjacent Extremes; ſo the Equation will ſtand thus: S. c. B&R=T. c. 


ABT. B C, but the Angle at B is required, then S8. c. B=T, c. AB+T. BC - R, will give 
the 8 1 "Ih = 1 
Tuus, T. c. A B=y2*® : 13, is | | — 9. 5061886 
PT. —} - — 8 


Tunm Sum is S e. B=T. . ABT. BC Ra“: 28“ 


Taz Complement of 22: 28“ is 76® : 32/=B, the Angle required as above. cl 


The Stereographic Projettion. 


Tux primitive Circle W L C D being drawn, then, 

1. TAKE 502: oo in your Compaſſes from the Line of 
Chords, and ſet that from C to B, and from B, thro' the 
Centre at g, draw B g F, and 4 r, at Right-angles to each 
other. 

2. ABOUT B as a Pole deſcribe +4, parallel to the right Circle 

9 r, at the Diſtance of 17: 47 from it, or 729: 130 from 

| its Pole at B, and this will cut the right Circle W C in A. 

= 3. Taro” the Points B A F draw the oblique Circle B A F, 

1 and that will compleat the Triangle ABC; then you may 

meaſure the Angle AB C. 
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5 Cale 2; 


Given the Hypothenuſe A B=72* Þ 5 o ; and Perpendicular B CSO: o/, to find the Baſe 


C. | | | 
Wren the Parts concerned are reduced, they will fall in the ſecond Pair of Triangles FEB, 
and FD C, where the Perpendicular B E is the Complement of the Hypothenuſe AB, the Per- 
pendicular D C is the Complement of the Baſe A C, and the Hypothenuſe F B is the Comple- 
ment of the Perpendicular B C, and F C is Radius. Say then, by Axiom iſt, | 


As the Sine of F B- Co- ſine of B C 50%: ——— 9. 8080675 
Is to Radius F C = 90® _ —— —— 1 
So is the Sine of B E 8. c. of A B 72: 1123 : 9.484895 1 
To the Sine of D C 8. c. of A C= 61: 38“ > 9.676827 


Tuis, by the third Axiom, A B being the middle Part, and A C and B C oppoſite Extremes, 
will ſtand thus: S. c. AB R == S. c. ACS. c. BC. But A C is required, therefore the 
Equation will be S. c. A B＋ER—8S. c. B C- S. c. AC. 1 


So, 8. c. A B 72: 13 +R= 19.484895 1 
28410 50: 0“ — „ 9.808075 
| Remains the S. c. of AC = 61e: 38) — — 


Tae Stereographic Projections is the ſame as the laſt. 


Cale 3. 
F 3 Hypothenuſe AB = 72* : 13/, and Perpendicular B C = 50: 00/, to find the 
ngle of A. | erte, e | 
TnkSE _ be reducedto the fourth Pair of Triangles GK F, and G LE. Here LE = 


AB. =BC...GF=ED=BAC, and GE is Radius. Now, by the tft 
Axiom, fay, | | ES Ek | 


R | As 


- 


12.4 O T RI GON OM E T R V. 


As the Sine of LE=A B=92*: 13 — — 9.3857265 
So is Radius = GE ARE. =. a5: — — 10. 
To the Sine of G FE DEAD S 53: 34 — — 9.9055175 


Tuts, by the third Axiom, the Perpendicular B C being the middle Part, and the Hypothe- 
nuſe A B, and Angle at the Baſe A, the oppoſite Extremes will ſtand thus: S. BC + R =5S. 
ABS. A. But A is required, then it will be 8. BC+R—S.AB=S. A. 

S8. BC TRS — BING —————— — 19. 8842540 


— 8. AB — — Dr 5 99787305 
Remains 8. AS 53˙ 234 —— — . 85 99055775 


22 


Tus allo is conſtruèted as the firſt Caſe was. . — 


Cale 4. 


Given the Hypothenuſe 4 B = 72: 13“, and Angle at the Baſe 4= 53: 34, to find the 
Perpendicular B C. | Rs 
THis may be anſwered from the firſt Pair of Triangles 4 B C, and AE D, where the Things 
given, and that required, will, be Hypothenuſes 4 B, and AZ, and Perpendiculars B C, and 
E D; then, by the firſt Axiom, the Analogy will be, 
As the Sine of the Hypothenuſe 4E = gov, or Radius — 10. 
Is to the Sine of the Hypothenuſe 4 B = 72%: 14 ——— — 9.97 87305 


So is the Sine of the Perpendicular EDE ADU= 53*: 34 9.9055522 
To the Sine of B C = 50® : o „ — — 9.884288) 


To do this by the third Axiom, B C is the middle Part, and 4 B and oppoſite Extremes, 
ſo it will be S. BC+ RS =S. A +8. 4B; but the Perpendicular BC is wanting, then it 
muſt be ö. B C = S. 4.+84B—R. 


TRE Sine of A = 53® : 34 — — — — 9055522 
TRE Sine of AB 729: 13 — — . 8 
Turin Sum v ant Radius is the Sine of B C 50: 00 — | 9.884288) 


The 


The Sterengrapbic Projettion. 

1. DRA the primitive Circle NOPQ, and quarter it vine 
ne then take PQ an gle at the Baſe 530 

4 in your Compaſſes from the Line of Chords, and ſet t 
— P to F, and from F thro' the Center at 4, draw the 
Diameter F D. 

2. SET the Half-Tangent of 725: 13“ upon the Line A Fs. 
from A to B, and then thro* the three Points OBQ, draw N 
che oblique Circle O BQ, and that will compleat the Tri- 
angle A FC; then you may find the — the Per- 


pendicular as required. 
Cale 8. 


1 Grvex the Hypothenuſ ABS : 13%, and Angle at the Baſe A= 537 34/, to find the 
| E 
Wx theſe are reduced, they will fall in the ſecond Pair of Triangles F BE and F CD, 


as Baſes FE and FD (=Radius) and Perpendicufars B E and C D; hence we ſhall have this 
Analogy (by the ſecond Axiom) 


As the Sine of FE = S. c. A 53®: 34 — — 9-7737039 
Is to the Sine of FD, or Radius a — — 10. 
So is the Tangent of B E= T. c. AB= 72: 13 — — 9. 5067 825 
To the Tangent of C D f. c. AC 61“ : 238% 9. 7324847 


Tunis, by the third Axiom, the * at A being the middle Part, and A B and A ck ad- 


5 Bet Morne will ſtand thus... . S. c. AR T. c. AB T. AC; but A © is wanting, 
en it muſt be S. 6. ATN. T. 4 XLS T. AC. 


5 1340 +R — — — — 278 
c. ABS 72: 13 — VVV 950615 6 
| Remains the Tangent of AC = 619 : 38! — — __ 102675453 


R 2 | Tus 


n 


Tus conſtucted, as was the laſt Caſe. See-that Fig. for this and the next Caſe following, 


Cale 6. 


*Grven the Hypothenuſe A B-= 72“: 13, and Angle at the Baſe A- 530: 3%, to find the 
Angle at the Perpendicular 8B. WY ka os he ai 3 Oe 
Tus beingreduced will fall in the third Pair of Triangles BEF and BL K, as Baſes B E= 
to the Complement of A B and B L Radius, and Perpendiculars F E =the Complement of 
the Angle at A, and K L= to the Angle at B; then, by the ſecond Axiom, the Analogy 


will be 1 
As the Sine of B E- S. ic. of A B : 13 — — 9.48489 51 
ls to the Sine of 72 * or Radis-ł—“⸗6n6 — 10. 4595 
So is the Tangent of F E= T. c. of Az 53%: 34/ — — 928681517 
To iche Tangent of K L the Ante at B- 69e 3% — 20,f3832565 


Ie you chuſe to do this by the third Axiom, AB is the middle Part, and the Angles at Amd 
B are adjacent Extremes; fo the Equation will be thus. .. S. c. AB. ＋ RS f. c. AK 7. 
c. B. but B is wanting, then it muſt ſtand thus: S. c. AB ＋ R f. e. Ar. c. B. ; : 

3 T7 


1 * W * | 5 
+. * * 0 
n 
3 I 4 Ac : 
iS 7 : 
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| 
De. of AB272% 13/ Ris — — — 194548957 
. — — — 9.865757) 
Remains che 7. c. of the Angle at B= 679: 1!çꝗ.k.•öD — 


Cale 7. 


Gry the Perpendicular BC = 50: of. and Angle at the Baſe A = 53e : 34 to find che 
Hypothenuſe AB. 1 | | 
Tas Gs Some 1 og Parra * fourth Pair of Triangles GK F, and GLE. 
As Perpendiculars KF = B C. = AD. And Hypothenuſes GF=ED = A. and 
GE = Radius. Now'by the firſt Axiom ſay, 0 | __ 
As the Sine of & F. =ED=A= 53*: 34/ — 


Is to GE — Radius X | ; : 83 : 
So is the Sine KF =BC= 509: . = pF — 9.8842540 
To the Sine of LE=AB =72* : 1 — — - 


1 9.97878 
By the * ns the de nee — — Eau —— Part, and the Hypotheneuſe and 

Angle at e, are oppoſite Extremes; ſo the Equation will be S. BC - Rg S. AB. S. A. 

But A B is requir'd, ſo it muſt be 8. EC TRS. A=S AB. 285 . FI 


The Sine of BC = 50 : Oo R — — 109.8842540 
e. A= 53% „ | — — — 99035522 
Rains che Sine of AB = 729% 14 .— — 9.9787 


* 


"The Stereographic Prejechiun. 


7. Dxawtthe Primitive Circle WL C D, and quarter it with the Rigtit Circles W C and 
LD, and from C ſet 502 : o/ to B, and draw B F, and at Right Angles thereto the Line r z. 
continued as Occaſion ſhall require. 

2. ABourT L, as a Pole, draw the ſmall Circle op, at the Diſtance of 530: 34“ the Angle at 
the Baſe, and that will cut 7g, in 2, which is the Pole of the Oblique Circle Ba F. 

3. From F, and thro' the Pole at u, draw Fs. then take Bs. in your Compaſſes and ſet 
hat from-s. tox, Lay a Ruler upon F, and x, and-it will-cutr produeed, in the gs 4 
FAT | | | e 
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the Centre of the oblique Circle BAF. upon which the Radius F.. deſcribe it, and that will 
compleat the Triangle A BC. This being done you wy * A * or any other * that 


"oy want * the Rules siven in Chap. I1th, 


Cale 8. 


Given the Perpendicular B © o 2 50. 5 o' and Angle at te Baſe 42 = 5 e 1 to find the 
Angle at the Perpendicular B. 
Tris Caſe, when reduced will fall in the third Pair of Triangles BEF and BI. K, as Hy- 
pothenuſes B F, equal to the Complement of BE and B K Radius. 
Ap Perpendiculars F E, equal to the Complement of ED, ot or the Angle at. A. and K L. 
equal to the Angle at- B. Now by the firſt Axiom K 
As the Sine of B F. or Sc of BC = 50? : oo „ 9. 8080675 
Is to the Sine of B K, or Radius — — 10. 
80 is the Sine of F E, or the S8. c. of A = 3 * —— 9.773709 


To the Sine of KL=B = 67: 3 —— 99656364 


Ir you work by the third Axiom, then the Angle at OE is the middle Part, and BC and 
B, are oppoſite Extremes, 

So the Equation, according to the third Axiom will be S. c. A+R = S. 4. BC + S. B. but 

u * + R—S. 5 BG =D. 1 

6. A=53%: 34 + | | 5 19.77 37039 

— 8. c. B 8&2 goo 1 — | — m— 9.80 0675 


Remains the Sine of b * 67 : g27 eee . N 9.96 56 364 


Of T. n N'O/M'E'T'R'Y. 12% 


Cale 9. 


Grven the Perpendicular BC= : 509 : 0% and Angle at the Baſe A = $3* : oy ; to find the | 
Baſe AC. 


Tars Caſe will fall i in the firſt Pair of Triangles. ABC and AE D as Perpendicular BC 
d ED. 
wy” Baſes A C and A D = Radius : Then according to the ſecond An the Analogy 
will be, N | 
As the Tangent of ED = A = K — 10. 1318483 
Is to the Tangent of the Perpendicular El, mw: 200 0761865 . 


So is the Sine of AD = Radius 
To the Sine of the Baſe AC= 61%: 380 8 


9. 9443382 


By the third Axiom, che Baſe A C is middle Part, and A and BC are adjacent Extremes, 
ſo the Equation will be S. AC + R= f. c. Af BC. 


Bur AC in wanting, then it muſt be 7, c. Apr. BC -R S8. AC. 


te. A 2 53“˙: * — — 868151 
＋ . BC 1 f | —— — 2 
The Sum want. Radius is the Sine of AC =619:38' — — 9˙5443382 


N | oe eee 
Tae Stereogrhic Projedtion for this and the — Caſe is the ſame with that of the | 


Cale 10. 


jp a 


Given the Baſe AC 619: 38 and Angle at the Baſe. A2 $3? 34 to find the Angle 
at the Perpendicular B. 


Tas Caſe will fall in the fifth Pair of Triangles FKG, and b 1H; © Hypotheneuſes FG, 
ad. FH = Radius. | 
Ax p Perpendiculars G K, the complement of K I. B, and 12 HFI CD, or 
Complement of the Baſe A C. Then according to the firſt Axiom lay, . 

| 8 
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As Radius F H 9 


- 4 | * 10. 
Is to the Sine of GF ED AS =3z* — 8 1 | 
So is the Sine of H I = CD. or the 86 of OY 2 6107 af : 387 i 9.878763 


To the Sine of GK, or the 8. c. of K L = 8. c. ol 67%: 32“ — 9.882 g4hg 


» 1 


By the third Axiom the Angle at B is the middle Part, and the Baſe A , and Angle at 
the Baſe A, | are oppoſite Extremes, fo the Equation will be 8. c. B T R= 8. A As. c. * 
Bur, B, is wanting, then it will be 8. A8. c. AC RSS. c. B 


The Sine of A = . it; 4 — — 5 
S. . AC. 61: 38˙ is Om” _ — E 
. Sum want, Rad. is che S. . of B= 658 |, 


— i 9-5382348; 


772 


The Stereographic n. 


1. DRA the Primitive Circle NOP Q, and quarter 
it with the Lines O Q, and NP, then take the Angle at 
the Baſe 53* : 34/ in your Compaſſes from the Line of 

Chords, and '& that from P to F, and from F, draw 
F D, thro' the Center at A. 

2. SET the Half-Tangent of the Baſe 61® : 38 from 
A to C, and thro' the three Points O'CQ, draw the 
Oblique Circle OC Q, and that 115 * the Tri- 


angle ABC. 


ale FE, 


Gizan, the Bae AC= w*: 38 and Angle at the bit Lege 340 to find the Per- 
pendicular BC. 


Tuis Caſe will fall i the rt Pair of Triangles, ABC and AED as. Porpendloular 
BC, ded ng * ee 


ND 
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. - 4 . . , 
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Anp Baſes AC, and AD = Radius. Now according to Axiom 2d, fay, © 


As Radius AD= 900 in OO. - 7; 
Is to the Sine of the Baſe AC= 61: 38/ — — 9.9444457 
So is the Tangent of E D A= 5334 — 7 5.1" + Ry 

To the Tangent of the Perpendicular B C = 509 : oO "dds 10.0762940 


By the third Axiom, the Baſe A C being the middle Part and Angle at the Baſe, and the 
Perpendicular adjacent Extremes, the Equation will be S. ACþ+R=T.c. AT T. BC. A 
but B C is required; ſo it muſt be SACþ+R—T.:c. A=T.BC. 


8. AC=61® : 38' + Rad. CU os 109.9444457 
— T. . — — —, 98681517 
Remains the Tangent of BC = 50: 00/ — — 10.062940 


N 2 Stereographic Projection of this and the next Caſe following is the ſame as the 
1 _” | 1 1 


Cale 12. 
Ne the Baſe AC 619: 38/, and Angle at the Baſe A= $3 1 34%. to find the Hypo- 
thenuſe AB. | . | | 
TH1s Caſe falls in the ſecond Pair of Triangles FEB and F DC, as Perpendiculars BE = 
the Complement of A B, and D C = the Complement of AC. RS 


AND Baſes F E = the Complement of the Angle at A, and FD = Radius; then, by the 
ſecond Axiom, ſay, | | 


As Radius F D = 90? — m py 10. 

Is to the Sine of FE, or the S. c. of A 53: 34 — 97737039 
So is the Tangent of D C, or the T. c. of AC =619: 380 —_— 9-7 323500 
To the Tangent of BE, or the T. c. of AB= 720144 — 9.506545 


By the third Axiom, the Angle at the Baſe A, is the middle Part, and the Hypothenuſe A B, 
and Baſe AC, adjacent Extremes; ſo the Equation will be | 
8. c. AT RS ST. c. AB T T. AC; but A is required, then it muſt be 
8. c. AT R- T. ACS T. c. AB. 8 
| d. c. 


1 
NY 
". 6d 
5 <a> 
= 4 
* => 
* * 
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8. c. A8 4 + R. is — I EY 719.7737020 
— oo 4: oy 
. the T. c. AB e. 43 vp— — 9 506054 


Grven the Baſe AC= 61? : 38/, and the Perpendicular B Cg 50%U*: o., to find the Hy- 
pothenuſe A B. 

Tars Caſe will fall in the ſecond Pair of T riangles FEB, and F DC, as Perpendiculars 
CD = the Complement of A C and BE = the Complement of A -- 
Axp Hypothenuſes FB = Complement of BC and FC = Radius. Now, by. the firſt 


Axiom ſay 
As Radius — — 10. 
Is to the Sine F B, or S. c. of BC= 30 380". — 9. 8080675 | 


So is the Sine of the Perpendicular CD or S. c. AC 022 : 38) — 9. 6767963 
To the Sine of BE or S. . of AB = 929: 13 


9. 484863 


— 


By the third Axiom, the Hypotheneuſe is the middle Part, and the Baſe and Perpendicular - 
are oppoſite Extremes, then the Equation will be, 

S. c. AB R= S. e. AC+S.c. BC. But A B is wanting, ſo it muſt be S. c. AC 
+ 0-6 ſe TIE < AB. 

+8.c. BC = 50*: —— F 8680 


Their Sum want. Radius is the S. c. of AB= 72%: 13 — 9.4848636 
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Ty be Stercographi Projection. 


ts * the Primitive Circle NO CQ, and 8 

it with the Lines NC, and O Q, then take 50%: o/ in 

your Compaſſes from a Line of Chords, and ſet that up 

_ C to B, and from B, thro' the Center at u, draw 

2. 8A 6 : 38 from C to A, then thro” the Points 
BAD, draw the Oblique Circle BAD, 1 tha will 

— the Triangle B A C. 


Cale I. 


Bu; the Baſe AC= br : 38", and Perpendicular BC= 50? 'W, to find the Angle at 
e Baſe A. 
| * Caſe falls in the firſt Pair of Triangles AB C, and AED, as Perpendiculars BC 
and E D. 

AN p Baſes A C, and AD = Radius; ; then by the ſecond Axiom ſay, 


As the Sine of the Baſe AC=61* 38“ — — 9.9444457 
Is to Radius AD o — — 10. 

So is the Tangent of the Perpendicular BC= 500 :.0 — 10.061865 

To the Tangent of E D= = the Angle at the Baſe, 2 Ne 34. — 10. 1317408 


By the third Axiom, the Baſe A C is the middle Part, and the Angle at the Baſe A, and 
Perpendicular B C, are adjacent Extremes, ſo the Equation will be S. AC+R = T. A T 
T. BC. But the Angle ﬆ A | is wanting, then it will be S. AC+ R—T.BC=T.c. A. 


The Sine of A C= ME 38“ +R is — ——ͤ— 199444457 
— T. BC 50? — — — 100761865 
Remains T. c. of A = 53: 3144 — — 9.8682 502 


Tux Stereographic Proje dic n of this Caſe is as the laſt. 
DN S 2 | Cale 
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Gives the Angle at the Baſe A = 53 34/ and the Auge at the Purpendicular B= 67®: 
32% to find the Hypothenuſe A B. 


TH1s Caſe falls in the third Pair of Triangles BEF, and BKL, as Perpendicular FE = 
the Complement of DE, or A, and K L B. 


AnD Baſes BE = Complement AB and B L = Radius. Now by the ſecond Axiom nt 
As the Tangent of KL =B= 67% : 32 


| th - 34907 
Is to the Tangent of F E, or T. c. cf ED= Am 337" : 34 — m 292577 
So is BL = Radius — — — . a 
To the Sine of BE, or 8. a of AB . 1 11 — 9.4846610 


By the third Axiom, AB is the middle Part, and the Angle at the Baſe A, and that at the 


Perpendicular B, are adjacent Extremes; ſo the Equation will be S. c. A BTR = T. c. A+ 
T. c. B. But AB is wanting, then it muſt be T. A T. c. B— RS g S. c. AB. 

T. c. AS" : — — — 9.868 1517 
Their Sum want. Rad. is the S. c. of AB 72: 14. 9.484661 


77 
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f The Stereographic Projettim. 
t Primitive Circle L C D W, and quarter it with the Right Circles L D, and 
WC 9757 1 — draw the Parallel 5 about the Point L, as a Pole, at the Diſtance of 
0: 34 from it, or 36* : 26 from the Right Circle W C, by Caſe 2d. of Prob. 9. Chap. 11. 
* Hor the Center z, deſcribe the Parallel 210, at the Diſtance of 67? : 32 (the Angle at 
the Perpendicular) from it by Caſe iſt, of Prob. gth, and this will interſect the former in x, 
thro! which Point draw the Diameter gr, and at Right Angles thereto draw the Diameter 
B 2 F. | . N - „ o- o ſ t 
a Ruler upon B and x, and it will cut the Primitive Circle in d ; from whence le 
* 3 e, then by a Ruler upon B and e, and it will cut the Line 7 in , ſo you 2 
three Points, B. y. F, to draw the Oblique Circle By F, which will compleat the Triangle 
ABC, of which A B will be found to contain 729 © 13% 


N 


a e 


Gives the Angle at the Baſe A = 53* : 34/ and Angle at the Perpendicul B 6% ů: 22; 
to find the Perpendictar B.. TY” I „. 


Tris Caſe falls in the third Pair of Triangles B EF and BKL, as Perpendiculars F E = 
Complement of ED, or A, and KL = 85 Angle at B. = m 2955 : 


AnD as Hypothenuſes F B = Complement of BC, and B K = Radius. 


Then fay, 
As the Sine of KLB = 97 32 | e by e 
Is to the Sine of E E, or S. c. of ED=A = 53“. 34 — 9.7737039 
So is the Sine of K B = 90 Deg. or Radius — 1 
To the Sine of F B, or the Sc. of BC = 50® : of — * 8080840 


By the third Axiom, A is the middle Part, and BC and B, are oppoſite 
chen the Equation will be | 


8. c. AE RSD S. c. BC 8. B. But C is required, fo it muſt be 
8. c. A＋ R-. B. S. c. BC s 


Extremes ; 
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S. c. of A 53: 34 ＋ R is —— = 19.77 3709 
— 8. B 650: 320 l 9 TT. 9.965710 
Remains the S. c. of BC 50: O. 3 — 9.807984 


Tux Stereographic Projection is the ſame as the laſt. 


See eee 
e e c ene 


CHAP. XIV. 


Of Oblique-angled Sp 
Taiangles. 


THE Axiom by which the two firſt Caſes of Oblique-angled Spherical Triangles are ſolv d, 
1 is What we ſhall call 5 2 Dn 


Axiom 4. 
In all Spherical Triangles the Sine of any Angle is proportional to the Sine of its oppoſite 
Side, or the Sine of any Side is proportional to the Sine of its oppoſite Angle. | 

Tre Truth of this will appear, if we divide the Oblique-angled Triangle A B C, into two 


Right-angled Triangles, as ABD, and CBD, and then take the two Hypotheneuſes AB 
and CB, and Angles at the Baſes, A and © to find the Perpendicular BD: Thus, _ 


hezical 


— 


” a ** ” * 
. * n = ra a 
n I — — fr a Aoi pn ge — a — 
„„ — . 
* 4 6 0 n 4 * A — Hs ———— - - 8 n * _ : — * N „ Ns * 
r =. 1 4 ws bees ah ed A ed aL . 8 8 9 
N 5 "EN = a „ 1 Rr y 2 5, 4 N 
th * * * * 3 * * 2 x - 2 — 
Y : fs 


Again 


3 
A 
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f SB 
28.5 
3] 8. B S. A -R 
4% 8. B y the Logarithms 

58S. B > he 5 Numbers 

Conſequently 6 S. A 
6 invert 718. B VE 


Given the two Angles with a Side oppoſite to one of them to find the Side oppoſite to the 


other, 
AB = 57: 32 
Examp. 1. Dat. 1 B.= 107 : 26 1 to find A C. 
| S $6 © 26 = 


The Stereographic Soluticn. 


I. DrAw the Primitive Circle BNEF, and alſo the Diameters BE and FN, at Right 

Angles to each other. Then 
2. By Caſe 2d, of Prob. 2d, Chap. 11. draw BAE, ſo as to make the Angle FB A = 
. 52% 24 "(the Supplement of 1072 : 360.) 
. FIN p the Pole x. of this Oblique Circle, by Help of which ſet 57 32/ from B 
to 

4. THROUGH the Point A, draw the great Circle G A G, to make an Angle with the Pri- 

mitive Circle of 56: 26/, and this will compleat the Triangle of ABC; then you may 


meaſure A C, by the 3d Caſe of Prob. 3d, Chap. 11. 
Bir Calculation it Will 25 - 


As the Sine of the Angle at C = 5: 26“. co. ar. — : 0.0792283 
Is to the Sine of . AB= 57 32 — 9.926190 

So is the Sine of the External Angle FBA = * — 99791790 
To the Sine of AC = 74: 50% — — 909845984 


hte 


Examp. 
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{ B=10y® : 36 - 
Examp. 2. Dat. ö C == 76-228 to find A B. 
mm CAS „ 


The ** Solution. 


1. Tux Primitive Circle BN E F being drawn, make choice of any convenient Point there- 
in, as at C, from whence draw the Right Circle CG, and alſo the Oblique Circle C A G, to. 
make an Angle with the Primitive Circle of 56: 26! = BCA. 


2. Draw the Diameter H I at Right Angles to CG, and therein find the Pole x. of the 
Oblique Circle C A G, by Help of which ſet 5o/ from C to A, and thro' the Point A, 


draw the Oblique Circle BA E, to make an ha with the Primitive Circle of 729: 24' = 
9 + 5 B. the 3d.) and this will compleat the TI ABC, then 8725 may meaſure 
e Side 


Bx Calculation it will be, 


As the Sine of the Angle H1 B 6 = 729: 24. c. ar 0.020820) 
Is to the Sine of AC = 749 


— 9-9846033 
So is the Sine of the Angle at © = 56® : 26 — 9.920771) 


9.926195 


To the Sine of AB = 57 297 


— — ͤ— ——.— 


Cale 2. 


Givxx two Sides with an Angle oppoſite to one of them, to find the Angle oppoſite to 
the other Angle, | | 


Examp. 


— 
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„„ | | | 
Examp. 1. Dat. 8 74: 50 [ to find the Angle C. 
B =-107 : 36 


| I 


: | The Stercographic Solution. | 

1. Draw the Primitive Circle BN E F, and the Diameters BE and FN, at Right Angles 
to each other, and having made choice of a Point in the Primi.ive Circle as at B, draw 
from thence the Oblique Circle B AE, ſo as to make an Angle with the Primitive Circle of 
72 : 24 —=FB A (the Supplement of 107? : 360.) | 

2. FIN p x, the Pole of the Oblique Circle B A E, and lay 57: 32“ from B to A, and 
about A, as a Pole, draw the ſmall Circle Fg C, at the Diſtance of 74%: 50“ from it, and 
that will cut the Primitive Circle in C, from which Point draw the Diameter CG; fo you will 
have three Points, biz. C, A and G“ through which if you draw the Oblique Circle CA G, 
it will compleat the Triangle B A C, which being done you may meaſure the Angle BC A, 


By Calculation, thus: 


As the Sine of A C = 745 : $0. £0. ar. — — 0.015396 
Is to the Sine of the Angle FB A = 722 : 24/ — — 9.979179 
So is the Sine of AB=57* : 327 —— — 9.926100 
To the bine of B C A 56 26% — W 9. 9207666 
e  SAB= 07 a 5 e 
Examp. 2. Dat. JA S 50 ? to find the Angle ABC. 
S2 56 :26 1 8 8 


1. DRA the Primitive Circle BNE F, and having made 
choice of a Point therein, as at C, draw from thence the 
Diameter C G, and alſo the Oblique Circle C A G, to make 
an Angle with the Primitive Circle of 560: 26 = BCA. 
2. Find the Pole x, of the Oblique Circle C A G, and 
by the Help thereof ſet 74* : 50/ from C to A, then about 
A as a Pole, deſcribe the ſmall Circle p B u, at the Diſtance 
of 57: 32/ from it, and that will cut the Primitive Circle 
in B, from which draw the Diameter BE, then you will 
have the three Points B. A. E. thro* which the Oblique Cir- 
cle B A E. muſt pals, which being drawn will complete the 
Triangle ABC, then you may meaſure the Angle p BA, 
or the Angle ABC. 7 


'F 


- 
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By Calculation, thus : ö 


As the Sine of AB = 575? : 320 co. ar. OY MITE 0.07 38099 
Is to the Sine of the Angle at C = 56® : 26/ — 9.9207717 
So is the Sine of A C = 74: 50/ —— — * _ 9.603 
5 To the Sine of QB A _ 72 : 2 | — ; 1 9:9791849 


— — 


Its Supplement is 107 36 = ABC, the Angle required. 


Ix order to ſolve the Eight Caſes next following at two Operations, you muſt know that 
a Perpendicular is to be drawn, fo as to divide the given Oblique-angled Triangle into two 
Right-angled Triangles, as the Triangle A BC, in the next Fig. following is divided by the 
Oblique Circle B DE, paſling thro” p, the Pole of the Circle CA G. | 
On, ſo that two Sides of one of the Right-angled Triangles may fall out of the given 
Triangle | FS ff. Lag Ro | / 

Taz Univerſal Propofition, or what we make the Third Axiom of Right-angled Spherical 
Triangles, is what we ſhall uſe in ſolving theſe Eight Cafes, when a Perpendicular is drawn, 
or elſe by other Axioms when more convenient. 1885 


Cate 3. 
| Given two Sides and the included Angle to find the third Side. 


e, $0')- 1 
Examp. 1. Dat. 3BC=38 18 $ wo find AB. 
(CS 56 :26 


1 Dye Stereographic Solution. ; ; 

I. Draw the Primitive Circle BNE F, and Diameter BE and FN at Right Angles to 
each other, then take 389 : 28/ in your Compaſſes from a Line of Chords, and lay that Ex- 
tent upon the Primitive Circle from B to C, and from C draw the Diameter CG, and alſo 
the Oblique Circle CA G, ſo as to make an Angle with the Primitive Circle of 569 : 26/. 

2. SET 74*: 50“ upon the Oblique Circle from C to A, and having thus found the Point 
A, you have two other Points, viz. Band E ; then by theſe three you may draw the Ob- 
lique Circle B AE, which will compleat the Triangle ABC; this being done, you may 
meaſure the Side A B required. 8 | | pa 


_ 


By Calculation, — 1. Draw the great Circle B DE, thro' p the Pole of theOblique Circle 


CAG, from the End of the given Side BC, &c according to the following RULE 
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RN. LE. 


From the End of a Side given, being adjacent to an Angle given, let fall the Perpendicu- 
lar oppoſite to that Angle, and touching in ſome Part the Side requir'd, or if it may be op- 
poſite to the Angle requir d; or fo, that in one of the Right-angled Triangles you may have 
two of the given Things entire, and the other (whenever you can) entire in the other; or 
elſe that they be Part in one and Part in the other. According to this the Perpendicular BD 
is drawn, W yo * the Oblique-angled Triangle ABC into two Right-anglad Triangles 

DA and BDC. | | . 

, 2. By the Help of B C= 38* : 280 and Angle at C = 569 : 26/ find the Part CD, by the 
third Axiom, thus: The Angle at C being the middle Part. 1 | 
8. c. C == 569: 260 +R | 19.7426520 


— T.. 228 38? : 287% 10. 0999135 | 
emains the Tangent DC = 23? : 43 | 0.642728 
Tate this out of AC 74: 9 and there will remain AD = 519: y/. = OT Te 
Now, in the Right-angled D B C you have BC and DC to compare with the Side B A, 
and AD of the Triangle AB D, by theſe you may find the Side AB, but firſt you muſt 
know what Name to give each Part concern'd in the Analogy; in order to which, ſuppoſe 
that in the Triangle BCD, you had the Side BC and the Part CD to find the Perpendicu- 
lar BD, then B C would be the middle Part, and BD and D C would be oppoſite Extremes 3 
therefore their Names, according to the third Axiom, will be S. c. BC, and S. c. DC. 
Again, ſuppoſe that in the Triangle A D B, you had the Side AB, and Part A D, to find 
the ſaid Perpendicular B D; then, according to the ſame Axiom, AB is the middle Part, and 
AD and B D, are oppoſite Extremes; ſo their Names are S. c. AB, and S. c. AD: Then to 
find AB, fay, 3 | T Ooh 7 
As 8. DG = 239 : 43/, the oppoſite Extreme in the firſt Triang. co. ar. o. 38 3200 
Is to S. 6. A D = 51 : 7 the oppoſite Extreme in the ſecond Triang. — O77. 
So is the S8. c. BC = 38* : 28“, the middle Part in the firſt Triang. : 9.892742 


* 


To che 8. c. of AB = 57: 32/, the middle Part in the ſecond Triang, —— 9.729842 


«A » 


| : | AC — 5 þ 507 | | 
Examp. 2. Dat. 15 C =.38 : 28 F to find AB, as before. 
| LC = 56 26 RNs V 
1. DRA w Ad, perpendicular to CB produced, and then you'll have two Right-angled 
Triangles A d B and Ad C, having the Right Angle at d, common to both; now with the 
Side AC, and Angle A C B find the Side d C. (See the laſt Fig.) . 
8. c. AC d = 569: 260 +R — U — 19.426520 
— T. c AC 74: 50 — — 9. 4330804 


Remains the Tangent of Cd = 63 54 — — 5 


2. FRom dC, take BC, and there will remain B4= 25˙: 25/. Now, ſuppoſe you had, in 
the Right-angle Triangle Ad B, the Sides AB and B̃ a, or dC and AC in the Triangle Ad C 

to find the Perpendicular Ad; then A B and A C would be the two middle Parts, and 4B 

and d C the oppoſite Extremes; therefore the Analogy will be, 


As the S. c. of the oppoſite Extreme 4 C = 63? : 53/ co. ar. | o. 3563496 
Is to the S. c. of the oppoſite Extreme 4B 25. 25 — 99557890 
So is the S. c. of the middle Part AC=74*: 50 — 94170837 
To the Sc. of the middle Part A B = _—_— 3. — 9.7298223 
e 2 Examp. 


9 
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AB= 579: 32" . 
Examp. 3. Dat. 1165 38 : 28 { to find AC. 
1 'CL B= 109. 38 


| | | The Stereographic Solution. | if e . 
1. TRE Primitive Circle FB N E being drawn, and alſo the Diameters BE and F N, at 
Right Angles to each other, then draw the Oblique Circle B A E, to make an Angle dBA 
with the Primitive Circle of 720: 24, (the Supplement of 107: 36',) upon which ſet 570: 
32“ from B to A. 8 | 1 | | 125 
2. FROM B, ſet 380: 28' to C, and from C draw the Diameter CG, then thro? the three 
Points C. A. G. draw the Oblique Circle C AG, and that will compleat the Triangle A BC; 
then meaſure A C, the Side required. . & 


By Calculation, firſt draw the Perpendicular A d to the Primitive Circle, then in the Right- 

_ angled Triangle Bd A, you have the Angle dBA = 722 : 24', and Hypothenuſe AB = 
572: 232/, to find 4B. Here the Angle d B A is the middle Part, and 4B and AB, are ad- 

jacent Extremes; therefore it will be | 


S. c. d BA J: 21 [R — ᷑⁊Cavꝛwl— — 109.8805385 
e T.. AB 57 32 — — — 9. 8036290 
Remains the Tangent of dB = 2 59:21 —— — — 9.67690 89 


To which add BC = 38? : 28“. i 
The Sum is 40 = 639: 53/. | 


Now, if AB and d B, in the Triangle B A, or AC and 4C, in the Triangle A dC, were 
given to find the Perpendicular Ad, then A B and A C would be two middle Parts, and 4B 
and 4 C two.oppoſite Extremes. Hence the Analogy will be, | 

As the 8. c. of the oppoſite Extreme 4B = 25˙ : 25/, co. ar, m—— — 0. 0442110 

Is to the S8. c. of the oppoſite Extreme d C 63® : 534. 9.6436 504 

So is the 8. c. of the middle Part AB = 579 : 311!ä r: — — 9.729819 


ä — Ä 


To the 8. c. of the middle Part A C e 50ͤ — — — 944176811 


THERE are other Ways to ſolve this Caſe ; one is from the very learned and ingenious 
Mr. FAciq, as he has it in his Navigation Improv'd, which we will call 


Axiom 
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Axiom 5. 


To the Logarithmic verſed Sine of the given Angle add the Logatithm' e Sines of the two 
Sides, and from the Sum cut off twice the Radius, then find the natural Number of the re- 


maining Logarithm, to which add the natural verſed Sine of the Difference of the Sides, the 
Sum is the natural verſed Sine of the third Side. 


To make this plain, we hall uſe it in ſolving the two laſt Examples. 


We AC = 14%: 50 5 
Given 3B C = 38 : 28 f to find the Side A B. 
-LC=5$6 : 26 


The Logarithmic verſed Sine of the l. C ='56® : 26/, is — 9.6502980 
The Logaritmic Sine of AC = 74* : Fo“, is — — 9.984033 
And the 8 Sine of BC = 38˙%: 28/, is — — 9. 7938317 
The um is (cutting of twice Radius) | iii — — 
| The natural Number —_ to . 42883 o, is — — 2684 
The natural verſed Sine of the Difference o che Sides, dix. "I: 22/ — 


The sum is the natural verſed Sine of AB = 575 „ — — 40319 5 


AB= 53:32) 
Ac ain, given, 5 3 S 38: to find AC. 
LL B= 107 : * 
The natural verſed Sine of 10%: ot is I 30237, its Logarithm is 


— 101147343 

The Logarithmic Sine of AB = 57*: 32, is — pn 9.926190 
The Logarithmic Sine of BC = = 38": 2 28“, is 3 E 935317 
Their Sumi is — ————ů—— KP — — 29.834750 

| Er. | ; 0h. 
The natural 3 anſwering to to 9.8347 * RE — 68353 (9) 
The natural verſed Sine of the Difference of the Sides 19˙ 2 — 54 | (8) 
The Sum is the natural verſed Sine of AC = 74* : 50/ — — _ 73839 (9) 


"I'd Table of verſed Sines is not at hand, a Solution to the third Caſe MAJ. be given ac- 
cording to the following | 


R U L . 


I. As Radius 


Is to the Sine Complement of the contain d Angle, 

So is the Tangent of the leſſer of the given Sides 

To the Tangent of a fourth Arch; | 

Then if the contain'd Angle be Acute, ſubſtract the fourth Peg PR the greater of the 


given Sides ; but when it is nds from the Supplement thereof, and call 'the Re- 
mainder the Reſidual Arch, 


2 As 


1 


44 


2. As the S. c. of the fourth Arch 
Is to the S. c. of the Refidual Arch, 
So is the S. c. of the leſſer given Side 
To the S. c. of the Side required. 


EXAMPLE +». 


| 1 Lis 5 ; 
Given, 985 BY ==.35 : 38 f as before, to find AB. (See the laſt Fig.) 
EL Cm . 26 
1. As Radius — —— 
Is to the S. c. of C = = 569 : 260 — 
So is the Tangent of B C = 38“: 28 ! 
To the Tangent of a-fonrth Arch = 23" : 43". — — 
The greater Side is —— — 
The fourth Arch ſubſtract —— — 
Reſidual Arch is — — 
N. As the S. c. of the fourth Arch = 23": 43 2 #0. ar. — 
Is to the S. c. of the Reſidual Arch 51% * — 


$0 is the 8. c. of BC = 380 : 28) 
To the S. 4. of the Side requir'd, AB = 57 : 32 (as before) —— 


EE —ů ů — 
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10. 


97426520 
9. 900865 


n 


9.427385 ö 
749: : 50! 
23 43 


531: 07 


o. 0383200 


9. 327777 


9 8937452 


** WY "IE 


1 729840 


Note, That when the Contain'd Angle, and Reſidual Arch, are each leſs or more than 


* more than go Degrees. 


1. 


5 row 
Given, 5 1 20 0 to * SP. 
OZP =1 00 
: » == 5 — 10. 
s to the S. c. of 1459, or its Supplement 52 op". — 91336 
So is the Tangent of 36 28˙ , — Tun” 
To the Tangent of a fourth Arch 3 | — Th 81 510 
The Contain'd Angle is Obtuſe, a 0. 180700: 33 = 109 7 * 
The fourth Arch ſubſtract — 12 
The Reſidual Arch 3 36 27 
2. As the S. c. of the fourth Arch = x2” 3, ca. ar. e 0.066550 
Is to the S. c. of the Reſidual Arch 762 4 — 2 816434 
So is the S. c. of the leſſer Side 3 30 :2 : — 98937452 
To the 8. . of 77%: of — 22 


E X AMPI. E 2. 


-go Deg. the Side ſought is leſs than go Degrees ; but when one is are, and the other leſs, 


9 3520436 


Note, 


1 3 4 * 1 *%. _— * 9 - 
* ola 8 8 Lads” HIT N = w— * - WW 1 4 5 = * 
, ** 6 nn J ͤ e Un Seat ed 
5 r CON SR EN OT IO I Wn; ; 
* N 
% . 
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Note, That becauſe the Contain'd Angle OP is more than go Deg. and the Reſidual 
Arch leſs than 90 Deg. therefore the Side ſought is more than 90 Deg. then 180 — 579 = 
103? ; of OP, the Side required. 


Given two Sides and the included Angle, to find one of the other Angles. * 


| CAB = 57 23 
Examp. 1, Dat. SBC = 38 :'28 
(LBS 107. : 36 | 
Tu Stereographic Solution of this Example, as to the Figure, is the ſame with the third 
Example of the third Caſe ; ſo if you meaſure the Angle BCA, you'll find it to be 
692 20. 3 N 1 
f By Calculation, having conſider'd the Queſtion, you'll find that the Perpendicular muft fall 55 
from A, to the Primitive Circle at 4 ; then you have two Right-angled Triangles, vix. Ad B 
and Ad C, by the Help of AB, and Angle A Ba, find 4B, the Angle 4B A being the middle 
Part, and d B and AB adjacent Extremes. Thus, | 


d to find the Angle at C, 


S8. c. ABd= 72 24 ＋ R — — 19.480385 
— T. c. AB = 57“ : 32“ —— — 9. 8036296 
Remains the Tangent of DB = 250: 25 — — 9.679089 


To which add BC = 38 : 28 


The Sum is dC = 63 : 5 | | 
Fox the ſecond Operation; ſuppoſe that if dB and A B d, in the Triangle AB4, or dE, 
and A Cd in the Triangle Ad C, were given to find the Perpendicular A d, then 4B and d C 
would be the middle Parts, and the Angles 4 B A and 4C A adjacent Extremes; then the 
Analogy will run thus: | pn Te | 


As the Sine of the middle Part 4B = 259 : 2%. co. ar. Re 0.367424 
Is to the Sine of the middle Part 4 C = 7 : $3 — — 9.953 2278 
do is the T. c. of the adjacent Extreme d BA = 722 : 24 — 9.501 3508 
To the T. c. of the adjacent Extreme 4 x $69 : 26 e 9.8219290 


EXAMPLE 2. 


; ACS 74: 500 IN 
Dar, de = 38 20 8 to find the Angle at B. 
LC=56 260 _ | 
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Tux Stereographic projection is the ſame with that of the firſt Example of the third Caſe, 
in that you was to find the Side AB. But here you muſt find the Angle 4B A, the Supple- 
ment of which is the Angle A BC required. (See that Fig.) 

By Calculation, the Perpendicular A 4, being Oy you muſt find 4 C, by the given Parts 
AC, and AC B: Thus, 


8. 6. C 560: 26 ＋＋ÆCR — — vi 719.7426520 
- T. c. AC = 74: 50 4 — — 9. 4330804 
Remains the Tangent of d C 63? : 530 |." — 10. 30957 16 


From which take BC = — 38 : 28 


And there will remain 4B = 2 $ 2 


— 


For the ſecond Operation, ſuppoſe you had 4B, and the Angle A Bad, of the Triangle | 
Ad B, or the Side 4 C and Angle ACd of the Triangle A d C to find the Perpendicular Ad, 
then 4B, and d C would be the two middle Parts, and the hs AB d, and A Ca, adja- 
cent Extremes. 80 the Analogy will run thus, 


Ax the Sine of the middle Part 4C = 63* 3 83˙%. 8 — o. 0467728 
Ts to the Sine of the middle Part 4B = 259 26" | — 96326576 

So is the T. c. of the adjacent Extreme A Cd = 569 : 260 — 2 at, 
To the T. c. of the adjacent Extreme A BA = 724 — 9. Sr 310 


Having : thus found the Angle AB d, its Supplement is 1070 36 the Angle ABC 
require 
ANOTHER Way t to do the fame, without drawing a Perpendicular | 


r 


(z.) As the Co- ſine of half the Sum of the Sides 
Is to the Co- ſme of half their Difference, 
So is the Co- tangent of half the contain'd Angle 
Io the Tangent of half the Sum of the other two Angles. 
(2.) As the Sine of half the Sum of the two Sides 
is to the Sine of half their Difference, 
So is the Co- tangent of half the contain'd Angle 
To the Tangent of half the Difference of the other two Angles. 
(3. ) Add the half Difference thus found to half the Sum of the other two Angles, and you'll 
have the greater of them, and ſubſtract the ſaid half Difference from the half Sum, and 
you * have the lefler. 


3 6 
3 „ 


EXAMPLE 


Lrr the Side AC, BC and Angle at C'be given, to fide the Angle at B. as at the 
ſecond Example of the fourth Sg REI OP» Apts 8 B, 


AC 
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9 05 


Sum is 113 : 18 half this Sum 


Differ. 36 : 22 half the Differ. 
%% ͤ ü.Ä— -; 1 
As the Co-fine of 56* : : 39'« £0. . " 0.2598 332 
Is to the S. c. of 18 : 11 wk 9.977523 
80 is T. C. of 28 13 | — 10.27037 37 
To the Tangent of half the Sum of the other two „ ne. 480 — 10. 5079 592 
AGAIN, As the Oo of 56? 39“, co. ar. JJ LINE o. 078 1430 
Ts to the Sine o ß. 18 11 —— — 9.494230 
80 is the T. c. of . . — 10. 2703737 


To the Tangent of half the Difference of the Angles, which i is 34* 2:51 —_ 9.8427 528 
To which add half the other two „„ „% 


And the Sum i 18 | 5 I * . . * . FEY 107 . 36 = the Angle at B. | 


A. —ͤŨ:H Aa 


And the Difference is » © o©o « „ « 37 : 54 = the Angle at A. 


Cale 5. 


Gryzx two Angles and the Side between them, to find the third Angle. 


ABC= _w_ 1. 


Examp. Dat. 18868 3 Wn. 7 7 to find the Angle AC. 
= 30:3 


De Stereographic Projefiion. | 


1. DRaw the Primitive Circle BNEF, and Diameters B 
B E. and F N, at right Angles to each other. 1 

2. Draw the Oblique Circle B A E, ſo as to make the 
Angle F B A, with the Primitive Circle of a2? : 

3- FROM B, ſet off 38* : 28 to C, and from Cady the Di- . 
ameter CG, and alſo the Oblique Circle C G A, to make an F.. p 11 
Angle BCA, with the Primitive Circle of 56: 26/, and that \ A" 


will cut the Oblique Circle BAE in A, and compleat the Tri- 
angle AB C, which being done you may meaſure the Ang 
8 and find it to be 37: 54“ 


. 
* 
LY 
, », 
„ 
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By Calculation, ey | 1 | 
1. Draw the Oblique Circle B DE, thro' x the Pole of the Oblique Circle C A G, and it 
will make Right Angles with the Oblique Circle CA G at the Point D, and divide the 
Triangle A B C into two Right-angled Triangles BCD, and BAD. | 
2. Find the Angle DB C, elp of the Side B C and Angle BCD, B C being the middle 


Part, and BCD, and DB adjacent Extremes: Thus, 


8. c. BC = 380: 28'/ +R — ws 1 
— T.. AC B = 56* ; 267 —_—Y — — 9.821890, 
Remains the T. . of DBC = 400: 15 — — 10. 07 18649 


Which take from the Angle A B C = 10%: $6.7, 


And there will remain the Angle ABD = 67 : 19 


Fon the ſecond Operation, ſuppoſe that you had the Angle DAB and ABD, in the 
Triangle ABD, or DBC and DCB in the Triangle DB C, to find the Perpendicular BD, 
then would D A B and DCB be the two middle Parts, and AB D, and DBC two oppoſſte 
Extremes; then the Analogy will be, N | I e 


As the Sine of the oppoſite Extreme D B'C = 40%: 17. co. ar. — . 7893859 
Is to the Sine of the oppoſite Extreme ABD = 67: 19/ — ä . 9.965037) 
So is the S. c. of the middle Part DC HF = 56: 26 — 9.742652 
To the S. c. of the middle Part DAB 37 5 — "I lor 


Given two Angles and a Side between them, to find one of the other Sides. 
(ABC S 207%: 36'). 15 

Examp. Dat. AC BS 56: 26 
__ BCS 38 +289 


Tre Parts given here being the ſame as the 5th Cafe, the Conſtruction will be the ſame: 


to find the Side A B. 


. onen on fd; og; 

1. Find the Angle DBC, and alſo A BD, as you. did at the 5th Caſe; and ſuppoſing that 
you had A B, and ABD, in the Triangle ABD, or the Side BC, and DBC in the Tri- 
angle DBC, to find the Perpendicular DB; then ABD, and DBC would be the two 
middle Parts, and AB and BC, the adjacent Extremes. Hence you have this Analogy, 


As the S. c. of the middle Part DBC = 40% : 17', wa, 0.117557 
Is fo the S. c. of the middle Part ABD = 64® * 19/. A 9.586 1795 
So is the T. c. of the adjacent Extreme BC = 389 : 28' —᷑ m 10.0999135 


To the Tangent-Comp. of the adjacent Extreme AB = 57“ : 32% woes 2 9.8036508 


Another 


Of TRIGONOMETRY. 


Another May to do the ſame without a Perpendicular. 
R 


y, As the Co-ſine of half che Sum of the Angles, is to the Co-fine of half their Difference, 
fo is the Tangent of half the included Side, to the Tangent of half the Sum of the other 
two Sides. 

2. As the Sine of half the Sum of the two Angles, is to the Sine of half their Difference, 
ſo is the Tangent of half the included vide, to the Tangent of half the Difference of the other 
two Sides. 

Now, if you add this half Difference of the Sides to half their Sum, you will have the 
greater Side; or ſubſtract it from the ſaid half Sum, and the Remainder be the other Side. 


ABC= 1079 : 36/ N ö 
1. LET 14885 56 : 25 be given, to find AB, or AC. 
Bes 28 | 
ABC= 1079 : 36/ 
ACB= 56 26 


1 164 02 3 # O18 + . 
Difference 51 : 1o e half each is <4 25 : 35 C. Now fay, 
Side BC— 38 : 28 


19: 14 

As the S. c. of 820: 10 0%. ar. — — 7 0.8 
Is to the S. c. of 25? of — — — only 
So is the Tangent of 19 — ——ů—— — 9 5426 6877 
To the Tangent of half the Sum of the other two Sides 669: 111 79. 3552186 
2. As the Sine of 82%: I', co. ar. — —— 0:0042295 
Is to the Sine of 25* : 135. — — — 9.635 3062 
So is the Tangent of 197: — — —— -# 5426877 
To the Tangent of half the Difference of the Sides 8* : 394“ — 9. 1822234 


Half the Sum of the Sides 66 211 


N The Sum is the greater Side A C = 5 — 74 50 


And Difference the leſſer Side AB = 57 32 


Caſe 7. 


'GiveN two Sides with an Angle oppoſite to one of them, to find the third Side. 


Examp. 1. Dat. 1452 AC D = 4 * to find B C. 
LB= 307 : 36 
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TRE Conſtruction of this Example i: 1s the Rn with the firſt A rh of the ſecond Cafe, 
See the Fig. belonging thereta. | 


By Calculation, 


Draw Ad perpendicular to the Primitive Circle, and then with the given Side AB, and 
Angle A Ba, find the Part dB. Thus, IE 

| | S. c. ABA = 7 24 R „ — SITES bao hn ger ER OT ' -19-4805285 
„/ r 1/u1i 411-1 BOG 


| Remains the Tangent of 4 B 43 25 — U — 9. 6769089 

Now ifdBand AB were given to find the Perpendicular Ad, or dC, and AC to find 
the ſame; then AB and A C would be the two mans Parts, and a B and da C two Oppoſite. 
Extremes. So. the Analogy will be, | 


As the S. c. of the middle Part AB = 55 : co. ar. — U o. 0.270180; 
Is to the S. c. of the middle Part AC r 74. 53' — 9476837 
So is the S. c. of the oppoſite Extreme Bd = 25 280 „FVV 2. 9557890 
To the Sc. of the oppoſite Extreme dC = . 8 — | 9.64365 30 | 
From which take 4B - —— | 1 | „ 
And there will remain BC — 1 
Ac 78525 | 
n 2. Dat. 10 C =. to find AB.. 
LC = = 107 363 | 


The Sterrexraphic Nai 


1. DRA w the Primitive Circle B N E F, and the Diameters B E and FN at Right Angles 

to each other, then from B draw the Oblique Circle BAE ſo as to make an Angle FBA 
with the Primitive Circle of 722 : 24. 
2. From B ſet off 38: 28 to C, and from C draw the Diameter CG; then about C, 
as a Pole, draw the ſmall Circle g A at the Diſtance of 74: 50 from it, and this will cut 
the Oblique Circle B A E in the Point] A; | ſo now you have three Points, vix. C. A. G. 
through which draw the Oblique Circle C A G, and that in compleat the Triangle ABC; 
then Tr may meaſure AB, the Side required. 


By Caltulation. 


T5 Tunoven che Pole x of the Obli ue Circle B AE, nas the great Circle 4 CG, to cut 
the Oblique Circle E AB produc'd 9 and there it will cut it 45 N. ght * 9 — and thus 
Jou will have two „„ Triangles Ad C, and Bd C. 


2. IN 


; % 


2. In the Triangle Bd C, 75 have the Hypothenuſe B C, and the Angle dB C, by the 
Help of theſe you muſt find B d 


Here the Angle 4 BC is the middle Part, and 4B and B C adjacent Extremes. Then 


L | | — 109 . 4805385 
. 56 3% W — —_— 
0 Remains the Tangent of BD = 137 wand. i: | r "wal 


Now, ſuppoſe you had Bd and BC, in the Triangle Bd C, or Ad and AC in the Tri- 
angle A d C, to find the Perpendicular d C; then BC and AC would be the two middle 
Parts, and Bd and Ad oppoſite Extremes; ſo the Analogy will be 


As the S8. c. of the middle Part B C 382: 28/, co. ar. Ny 0. 1062 548 
1s to. S. c. of the middle Part AC = 74: 50 — — 94170837 
So is the 8. c. of the oppoſite Extreme Bd = 13* : 310 — 99878012 
To the S. c. of the oppoſite Extreme Ad = : 3 a 9.51 17307 
From which take B42 — 3 1 


And there will remain AB= — 57. : 32 the Side required. 
._ a e O. 


Grven two Sides with an Angle oppoſite to one of them, to find the contain'd Angle. 


„„ 570: 320 1333 135 
Examp. 1. Dat. * C= 38 : 28 > to find the Angle ABC. 
bLC=: 56 264 . . 


| The Stereographic Projection. 
1. Tye Primitive Circle BC NEF being drawn, and alſo BE and FN at Right Angles 
to each other, ſet off 38® : 287 from B to C, and from C draw the Diameter CG, and alſo 
the Oblique Circle CA G, to make an Angle with the Primitive of 56: 260. 
2. ABouT B, as a Pole, draw the ſmall Circle 7 A at the Diſtance of 57%: 32“ from it, 
and that will cut the Oblique Circle CA G in A; ſo have you three Points B. A. and E. to 
draw the Oblique Circle B A E, and this will compleat the Triangle ABC, 
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By Calculation, 


1. TüROVOH x, the Pole of the Oblique Circle C AG, and the Points B and E, draw the 
Oblique Circle BD E, and it will cut the Oblique Circle C A G in D, and there make Right 
' Angles with it; and ſo divide the Triangle ABC into two Right-angled Triangles ABD 
I and CB D, in the laſt you have the Hypotheneuſe BC and Angle B CA, by theſe to find 
| the Angle DB C; here B C is the middle Part, and the Angles D BC, and 5 CB, adjacent 
Extremes. Then | 


S. . BC = 48% :28'4+R — — 10.8 
— T. c. DCB = 56? : 260 8 7; 5-821 605 
Remains the T. . of DBS n — _ 10. 05 1864 


Faxe found this Angle, ſuppoſe that it and the Hypothenuſe B C in the Triangle B CD, 
or the Angle ABD and Hypothenuſe A B in the Triangle A BD were given to find the Per- 
pꝓpendicular BD, then the Angles DB C and DB A, would be the two middle Parts, and 
BC and BA the adjacent Extremes. So it will be rains 

As the T. c. of the adjacent Extreme BC = 38? : 28/. co. ar. — 9.9000865 
Is to the T. c. of the adjacent Extreme AB = 57 : 322) — 9. 8036290 
So is the S. c. of the middle Part DBC = 40: 17 — 9-8824428 


; To the 8. 6. the of middle Part ABD = 67® * 19 | — 9.5861 589 
To which add the Angle DBC = — 40 17 


And the Sum is the Angle ABC = =— 107 : 36 


| „ 5 . 5 
Examp. 2. Dat. 5 SS 4238 : 28 to find the Angle A CB. 
SAG 8:94 :I0 : 


Taz ſame Parts being given here as was at the ſecond Example of the ſeventh Caſe, the 
Stereographic Conſtruction muſt be the ſame. See the Fig. belonging thereto, 


| | . By Calculation. 
1. In the Triangle B4C you have 4BC, and 8 BC, to find the Angle 
0 CB, the middle Part is B C, and the Angles CB A 4CB, adjacent Extremes. Then 
it will be, | 5 | 
| 8. K. BC= 38%: 280 ＋ R | — — — — 190. | 45 
— T. c. 4B C g 72® 24 — 9 827258 
Remains the T. c. of 4CB = 229: 3“ 10. 3023864 


2. Ir 4C B, and BC, in the Triangle 4 BC, or 40 A and AC in the Triangle 4 CA, 
ere given to find the Perpendicular 4 C, then the Angles 4 CB and dC A, would be the 
two middle Parts, and B C and A C the adjacent Extremes: So the Analogy will be 


As the T. c. of the adjacent Extreme B C 38: 28/ co. ar. 9. 9000865 

Is to the T. c. of the adjacent Extreme A C= 74? : 500 — 9. 4330804 

So is the S8. c. of the middle Part 4 CB = 22534 — 9.9670125 
To the S. c. of the middle Part 4CA = 8e: 29/ i wo 9.30079 


From which take the Angle d C B 22 : 3 


And there will remain AC B - — 56 26 


Caſe 


Of TRIGONOMETRY. 153 


Cale 9. 
GEN two Angles and a Side oppoſite to one of them, to find the third Angle. 


AB= „ : 32/; EY e 
Examp. Dat. N BC = 107 : 36 5 to find the Angle BAC. 
ACB= 56 : 26 


Tux Stereographic Projection is the ſame with that of the firſt Example of the firſt Caſe; 
but for the Calculative N muſt draw the Perpendicular A 4, ſo you will have two 
Right-angled Triangles A Bd, and AC d. In the Triangle A B ad, you have the Hypothenuſe 
AB and Angle A B d, to find the * 4A B, the Side AB being the middle Part, and 


A Bd and B Ad adjacent Extremes. The firſt tion will ſtand thus: 
S. c. AB 57" 32 +R 3 | ; 2 
FT. c. ABd = 72* 3 24/ ; — | 9.501358 
| Remains the T. c. of BAd = 300 4 35” | — 10. 2284609 


Now, if AB d and BA d, or AC d and C A d, were given to find the Perpendicular 
Ad, then ABd and A Cd would be the two middle Parts, and C Ad, and dA B the oppo- 
ſite Extremes. Therefore ſay, | | 

As the S. c. of the middle Part d B A = 729: 24/ co. ar. — 0. 5194615 

Is to the S. c. of the middle Part AC4= 569: 26/ „ 9.742652 
So is the Sine of the oppoſite Extreme 4 AB = 30 3 — 9.7065 394 


Jo the Sine of the oppoſite Extreme C Ad = 680: 30 Es 9.9686529 
From which take the Angle JAB = — 30 35 | 


And there will remain the Angle BAC = 37 : 55 
Cale 10. 


Given two Angles, and a Side oppoſite to one of them, to find the Side between them. 


AR n* : 327) 
Examp. Dat. JA BC = 107 : 36 L to find the Side BC. 
ACB= $6: 26 | | 


THz Stereographic Projection for this will be the ſame alſo, with that of the firſt Example 
of the firſt Caſe ; which ſee. | 3 

Tas Perpendicular A d, being drawn, as in that Fig. then in the Right-angled Triangle 
AdB you have the Hypothenuſe AB, and the Angle A B d, to find Bd; here AB d is the 
middle Part, and AB, and B d, the adjacent Extremes. Then 


S. c. ABd= 729: 244 ＋ R — 19.480538 5 

— 8 4. K B — 579 — 32" EE — — 9. 80 36296 

Remains the Tangent of DB = 252 25 | —_— . 9-6769089 
Now, 
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Now, if you had 4B and AB d in the Triangle A B d, or dC and A Cd in the Triangle 
ACd to find the Perpendicular A d; then 4B and d C would be the two middle Parts, and 
A Bd and AC d adjacent Extremes, Now, ſtay _ | 

2. As the T. c. of the adjacent Extreme A Bd = y12* : 24 co. ar, — 04906412 
4 03 


Is to the T. c. of the adjacent Extreme ACD = 56˙.Q 26% — 9.8218 
So is the Sine of the middle Part d B 25: 25 — 9.63265/6 
To the Sine of the middle Part 4C = 630: 5 — 9.953 7791 
From which take JB = — 0-0 - ons 


And there will remain BC = = 38 28 


Cale 11. 
GiveN the three Sides to find an Angle. | 


AD = 57 : 32 No 
Examp. 1. Dtt. J DE = 38 : 28 F to find the Angle at A, _ 


„ he Stereggraphic Projection. a | 

i. Havixc drawn the Primitive Circle FDN B, and the Diameters DB and FN, at 
Right Angles to each other, ſet 38? : 28' from D to E, and from E draw the Diameter 

2. ABOUT D, as a Pole, draw the ſmall Circle no, at the Diſtance of 579 : 32/ from it; 
and alſo about E, as a Pole, draw the ſmall Circle þq, at the Diſtance of 74%: 50/ from it; 
then theſe will interſect each other in the Point A. 
3. Tuxovon the Points E, A, G and D, A, E, draw the Oblique Circles EA G, and 

DAB, and they will compleat the Triangle ADE ; which being done, you may meaſure 
any of the Angles by the Rules given in Chap. 11. for that Purpoſe, * 


| * 
. 1 13 1 
my „ : rg * * 7 7 7 * 
: . $ . f I 7 5 * : " 
4 * / * % ; G5 * 8 7 2 
* 
5 , 
. , 
- +* 
5 O 
7 22; * a 
„ ,. goo 
2 @ 
1 : by 
F N N 
_— * : N 
o * 
. 
1 5 9998 : 
* „ 7 
5 kN - {7 7 5 
G N 


By Calculation.) : rr 8 
Ix this Caſe let fall a Perpendicular oppoſite to the Angle requir'd, the Side upon which it 

falls is (for Diſtinction Sake) called the Baſe, and the other two are Sides. NR 
So in the three Triangles following AE is the true Baſe, AD and E D are Sides; DB, 
the Perpendicular B being placed at the Right, and BI always ſuppoſed equal to BE; ſo 
in every of them, A E being the true Baſe, Al is the alternate Baſe. ad 
| _ ow, 


* 


Of TRIGONOMETR Y. 155 


Now, whoever makes uſe of the next Axiom, will find it convenient to let the ſame Let · 
ters be placed to the Figures, as they are here; and becauſe Things of this Kind are apt to 
eſcape the Memory, the following Lines may afford ſome Aſſiſtance. | | 


D, ts the Point, from whence the Lincs proceed, 
Right Angles ſtill of B, will fand in Need; 
AE 's the Side, which we the true Baſe call, 
And is the Side on which the Lines do fall; 
Alternate Baſe, AT muſt bear that Name, 
BE, BI, muſt always be the ſame, 


Axiom 6. 


As the Tangent of half the true Baſe 
Is to the Tangent of half the Sum of the Sides, 
do is the Tangent of half the Difference of the Sides 
To the Tangent of the alternate Semi-Baſe: 
That is, 
As the Tangent of half the true Baſe — A E | 
Is to the Tangent of half the Sum of the Sides — A-D + ED. 
So is the Tangent of half the Difference of the Sides AD - ED. 
To the Tangent of half the alternate Baſe — A1 


To which add half the true Baſe A E, and the Sum will be A B the Baſe of the Right-angled ' 
Triangle AB D, and their Difference will be E B* the Baſe of the Right-angled Triangle 

ABD; and their Difference will be EB the Baſe of the Right-angled Triangle E BD; by 
either of theſe and the Hypothenuſe A D or ED, you may find the Angle requir' d. 


DEMONSTRATION. 


1. LET the Sphere AF PG reſt upon the plane Superficies HN K Q that they may touch 
each other in the Point A; from which erect the Perpendicular A P, which will alſo paſs thro? - 
the Center of the Sphere at ©. | 


2. Draw the two Vertical Circles Pe DA, and PIEA, at any convenient Diſtance from 
each other ; add from the Angle at A, let ms be deſcribed upon the Superficies of the 
| | . | | DE IO 6 Sphere 15 


256 Of TRIGONOMETRY. 
3 


Sphere the Triangle A DI, acute-angled at I, or the Triangle A D E, obtuſe- angled 
8 | 


3. Tax E D for the Pole acoording to the Diſtance DI, or DE, which is equal thereto, 
amd draw the Circle Edel, cutting D in e, DA in 4, and AEI, in E and J. 


4. From the Point D to the Arch AE let fall the Perpendicular DB; here then AD 

ſhall be the greater Side, and DI or DE the leſs, A E is the true Baſe, and AI the alter- 

nate Baſe 3 Ae is the Sum of the Sides, and Ad their Difference, De and D 4 by the Con- 
ſtruction are equal to the leaſt Side DE = DI. | . | 


5. Ta1s being done, and ſuppoſing the Sphere upon which thoſe black Lines are drawn 
to be of clear Glaſs, thin and concave, then if an Eye was placed in the vertical Point P, 
beholding the Angles of the Triangle before drawn, the viſual Ray, when directed to [, 
and continued, will fall upon the plain Superficies at the Point n; to which Point draw the 
Line An, and beoauſe the Semicircie A IP is in the ſame Right Line with the viſual Ray, 
therefore A m is the Tangent of half the alternate Baſe AI ; that is to ſay, it is the Tan- 
gent of the Angle at the Periphery AP m, which is but half that Angle at the Center which 
is meaſured by the Arch Al, _— 


6 Tux Eye at P, beholding e, the viſual Ray continued, will come to the Point R on the 
Plane; from whence draw the Line AR, and that ſhall be the Tangent of the Angle A PR, 
which Angle is half the Quantity of the Arch Ag equal to the Sum of the Sides AD +- 


5. Taz Eye at P, beholding E, the viſuat Ray continued will fall upon the Plane at C, 
to which Point draw A C, and that will be the Tangent of the Angle APC, which is half 
the Quantity of the true Baſe A E. 5 


8. Tux Eye at P, beholding d, the viſual Ray continued, will fall on the Plane at the 
Point L, to which draw the Line AL, and that will be the Tangent of the Angle A PL; 
but A PL is but half the Quantity of the Arch A d, therefore AL is the Tangent of half 
the Difference of the Sides. 


Now, ſince it appears that the Points L, C, n, and R, are in a Circle (as is demonſtrated 
by Prop. 1. in Page 84, of Haynesr's Trigmometry,) then by Theorem 21, Chap 3. it will be, 
 ACzAm=ALxAR; and from the ſame the will be, AC: AR z AL: 
Am. T hat is, | Et 

As AC the Tangent of half the true Baſe A E ens 

Is to AR, the Tangent of half the Sum of the Sides Ae; 

So is AL, the Tangent of half the Differenee of the Sides Ad 

To Am, the Tangent of half the alternate Baſe A I. 2. E. D. 


Examp. 
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to find the Angle at A, 


| AD= 82 327 
Examp. 1. Dat. pe 38 : 28 0 
| AE = 74 : 50 


* 


/ 


' Maxz AE the true Baſe, and let fall the Perpendicular DB, then make BI equal to BE, 
fo will AI be the alternate Baſe. | | 


Now, As the Tangent of half the true Baſe 37 : 26". £0, ar. — 10. 1163279 
Is to the Tangent of half the Sum of the Sides = 48“: of — 10.045 5626 
So is the Tangent of half the Difference of the Sides 90: 32 — 9.2251 560 


To the Tangent of half the alternate Baſe AI = 130 427 — 9.380465 
To which add half the true Baſe. AE = — 37 25 | 


And the Sum is AB= _ — 51 : 07 


——— ——— arr 


X 2 Having 
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Havinc found AB. the Baſe of the Right angled Triangle AD B, and having the Hypo. 
thenuſe AD given, you may find the Angle at A, it being the middle Part, and the Sides 
AB and DB adjacent Extremes, it will be 


Fa 1 : 20” — 9. 8036296 
+ Tangent AB 51:7“ — 3 10.093439) 
The Sum want. Radius is the S. 4. of A = 37 „ ww — 9.897069 


Note, That if the Angle at E had been required, then inſtead of taking the Sum of the 
alternate Semi-baſe and half the true Baſe, which is 51: 5, as above, you muſt take their 
Difference, and that will be EB = 239 ::43', by the Help of which and the given Side 
DE = 382 : 28“ you may find the. Angle at E, it being the middle Part, and E B and 
E D adjacent Extremes. Thus, bes | 
1. 91 —» 82: 487 . —— — — 


- 10. 0999735 
I Tangent EB S 239: 43 — — 9642777 
Their Sum want. Radius is the S. c. of the Angle at E = 56˙: 26 „ 9. 7426905 


EXAMPLE: 2. 


CAE = 280: 287 | 
Dat. JaD= _y 50 to find the Angle at E. 
DE = $7: | | 


Mak RE AE the true Baſe, to which, when produced, draw the Perpendicular D B, and 
make BI equal to BE, the Sides are AD and E D, their Sum is 1 329: 22/, the half of 
which is 66? 2 11/, and half their Difference is 8 : 39/. Now ſay, | 

As the Tangent of half the true Baſe 19® : 14/ co. ar. (or T. c.) 


Is to the "Tangent of half the Sum of the Sides 66® : x1/ 5 18 
So is the Tangent of half the Difference of the Sides 80: 39/ . 9.182210 
To the Tangent of half AT the alternate Baſe = 44% & — oo 
From which take half the true Baſe — 190 5 9ꝗ 9.905 


| And there will remain BE = 3 25 25 


"Now, having found B E, DE being given, you may find the middle Part BE D. Thus, 
Tangent BE = 25 25 | 9.6768686 


- 1 4. DE = $7- : 32" 85 — 9.8036290 
me Sum want. Radius is the S. c. of BED = 752% 524 — 2 80 92 
Which take from — 180 ! 00 | 3 


£ 


And there will remain AED.= =— x07 36 


Ariom 


＋ 
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Axiom 7. 
App the Sines of the Difference between the Sides containing the Angle requir'd, and half 
the Sum of the three Sides to the Complements-Arithmetical of the Sines of. the ſaid tro 
Sides, then half that Sum ſhall be the Ane of half the Angle requir d. (See the Demonſtra- 
tion in Newton's Mathematical Inſtitution.) 
EXAMPLE 


99. : 22} 


e "FEED . 
GIVEN JDE =2 Js 2:36 0 find Angle at A. 
5 AE=74 50 
W 170 : 50 


Half Sum 


— — o : 32' = 27? : 53', its Sine — 9g.6699420 
85 : 25 want. 


74 : $0 = 20 2 3 35) its Sine — 9g.2640274. 
Ccntaining Sides ; AD = 57 : 30. c. 8. of its Sine o. 07 38099 


AE = 74 : 50. c. 4. of its Sine 0.153967 
Sum 19.0231760 
Half the Sum of the Sine of 189 : 57' : — — 9.5115880 


Which being doubled is = 37 : 54s the Angle : at A required. 


EXAMPLE 
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AE = 380: 28 | 

GIVEN JAD= 74 : 50 P to find the Angle at E. 

WE=5 : 32 

Sum — 170 : 50 ; | 5 

| | 3 570 : 300 = 27% : 53“. 8. — 9.699420 
Half the Sum is — 85 : 25 want. 


38 :28 = 46 : 57. 8. — 9.863773) 


DE = 32, 6, a — 0.07380 
Containing Sides tat = 3 77 2 38, c. 4. —  c= : 
sum —— 159.8736939 
Half the dum is he Sine e —. z. % — 133 
Which being doubled i. 107 : 36 the Angle DEA. 


E 


Another. Way to find an Angle, having the three Sides given. 
CC 
App half the Difference of the two Sides containing the Angle required, to half the Side 


that is oppoſite to that at Angle, and alſo ſubftract it from the ſame, noting the Sum and Re- 


mainder. hen, 
To the Complements-Arithmetical of the Sines of the two containing Sides, add the Sines 
of the ſaid Sum and Remainder, half that Sum will be the Sine of half the Angle re- 


uired. 
» LET the Things given, and that * de the ſame as at the Jaſt * 


| vo and — AE = = El : EY 
Their Differencg is — „ 19 : 04 

Half the Difference i is 8 by” 5. 38 

AD is 74*: 50', and its-half js 3 3 

The Sum of the two laſt is — — — 46 5 


And their Difference — — ale 8 27 : 53 


—Br. Eee —_—_ 
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C. ar. of Sine D E ak > oh — „ 6.0938 9 
Co. ar. of Sine A 0, 28 —— — — — abe 68 
The Sine of the Som = 460 : 5y/ — — * 9.86377 37 
The Sine of the Difference = 27%: 53 — — 9.669420 
The Sum is — — — — 19. 8136939 

or par”. 4-6 
Half the Sum is the Sine of 53e 48 9. 9068469 


Twice this is — 107 36 = the Angle DEA. The like for cither of the 
other two Angles. | | 


Cale 12. 


GLveN the three Angles of an Oblique-angled ſpherical Triangle, to find a Side. 


| * K = 107". 0" 
Dat. Oz X = 37 : 55 P to find the Side xy of the Triangle xyz. 
Ez = $56 26 | 


Tars Caſe may be ſolv'd by the 6th Ariom; the Angles of the Triangle x y > being equal 
to the Sides of the Triangle A ED, according to Defifition the 7th. As thus 


5 2 = 1070 : 36's * EC 2hp=7 ; 24'? 
Dat. JE & 37 * 55 : =DF=35 55 
2 = 356 126 4. AE 56 126 


Tux Geometrical Conſtruction of this Caſe, is the ſame with the lat, when the Angles 
are tum d inte Sides, as above. 


By Calculation. 


Maxz AE the true Baſe, and draw the Perpendicular BD, then make BI equal BE; 
ſo will ATI be the alternate Baſe, and A D and ED the Sides. 
The true Baſe is AE = 569: 26“, its half is 280 130 | 


AD 272 : 24 
The Sides 1 ED =37 55 


Their Sum „ half is — 55 : ll 
Their Difference _ 34 : 29 half is _— 7 


Now, As the Tangent of half the true Baſe 285 : , ar. = 0.27037 57 
Is to the Tangent of half the Sum of che Sch 29 14˙•(— 16.1577; 
So is the Tangent of half their Difference 17 * 21 18 g * 9.40189 


To the Tangent of half the alternate Baſe (AI) = 39%: 43“ 200. '9.9195538 


From half the alternate Baſe Al 29: 47: 24 = 
Take half the true Baſe —=— 28 7 13 : oo. 
ET 


Their Difference is RB = 55 0:5 
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In the. Right-angled Triangl BED: you have DE and EB, to find the Angle BE D. 
Thus, 20 DES . 5. * — m 10. 1084926 
+ Tangent EB = 155 30“: 244 — — 9.308770 


Their Sum want. Radius i is the 8. 6. of ED = 74: 500! !-: 9:4172136 


But tis Angle BED, is equal to e 2 A 5. which was required. 


i 


5 


ee NR 

2 ga = 12079: 36/, its Sup. is dzg=dg=AE= 720: 24) 

Dar. EXY = 37 55 = =de= * 3755S to:lnq 
CL x = - 526 S 


x0 = AD=z - 320 
| IRS AED. 3 Dy 3 
Mate AE the true Baſe, Al 1 alternate Baſe, and AD and DE the Sides. (See th 


next Figure.) l 
The true Baſe 229: 24, half is 36® : oy 


The Sides 152 * 26' 


——- . 14 80 ' 
Their Sum — — 94 : 21ihalf 47 : 1 * wo V 


OS — % 
* 


Difference — — 18 31 half 9: 152 
As the Tangent of half the true Baſe 36°: 12“ ca. . mw. — 10.355540 
Is to the Tangent of half the Sum of the Sides 47 1010 | "> i 10.0330041 
dos is the Tangent of half the Difference of the des 99:1 511 — 92122131 
To the Tangent of half the alternate Baſe. I 0's 45". 1 1 807718 
Which take from half the true Baſe — EEE : 00 . 85 5 


Remains EB K — — N 4 
Now, in the Right - angled — D E By you have e adjacent Extremes E B, and DFE, 
10 find the middle Part 1 E D. i : | | | 
. e. 0 7 5 5 W =ragna . Im 10. 1084926 
+ Tangent BE = 229! 4. „ e — — 9. 631337 


"The Sum want. Rad. is the 8. . of BE fi ** 320 8 ens 2.79757 | 


Suprosk 
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| SyupPosE you had the ſame Things given to find the Side zy = do = DA E, then you 
may make A E the true Baſe, and find half the alternate Baſe as above, to be 130: 30“: 45“ 
o which add half the true Baſe W 


The Sum is the adjacent Extreme AK — : 40 aL 45 
By which, and the other adjacent Extreme AD 2 56% 26“: o0⁰ you may find the middle 
Part DA, thus, T. c. AD 250 : 16 — — 928218803 
+ Tangent A B = 492: 42": 45“ — 10. o 17646 


The WW WG Bad: ee 


* " E - " N . 1 
5 , 7 ' 8 = 0 * K 
1 21 > — — * = — 2 — 8 1 
T 8 IS > 1 I» » Ir C3 
* 1 — ? _ * [3 2 N 
#% I), & © o 4 4 4 » 
* 8 3 l c . 
. * 5 


CHAP. XV. 


HAVING now prepared the Learner, we ſhall next ſhew how to apply what, we hope, he 
underſtands. bs 158 1 
| | I. To ASTRONOMY. 
2. To NAvIGATION. 
3. To DiaLLiNG. 


Bur, becauſe a true Idea of the ſeveral Lines, or Circles of the Sphere is abſolutely neceſ- 
fary to ſuch as would know what they are doing, and the beſt Way to attain ſuch Ideas be- 
ing to be had from the Uſe of the Globes, which, perhaps our Reader cannot reach, we ſhall 
8 endeavour to aſſiſt him by ſuch Figures and Definitions, as we think moſt 
uletul. | 
| Let the Figure next following repreſent a Globe. Then, 

1. N. and S. are the two Poles; N. the North-Pole, and S. the South-Pole. 

2. A Line imagin'd to paſs from the North to the South- Pole, and conſequently through 
the Center of the Globe, is called the Axis; and at the Ends there are fixed two Pieces of 
ſtrong Iron Wire, and ſet into two oppoſite Points of the Braſs Meridian, ſo as that the 


Globe itſelf may turn upon them. 
Y - 3. Tus 


. 28 p * as , OI OED * N N \ . jm" 4 "FL ER * WP 
* Fe N E 8 * * EG nnn 2 8 y < 
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3. Tax Braſs Meridian is reprefented by the outward Circle # NA &, and is always ſet 
in two Notches c and d, at the North and South Parts of the Horizon, and in one in the 
Pedeſtal at 5. 3 ANI ooo ents Ho eee 
4. Tux Horizon is a broad wooden Circle encompaſſing the Globe, mark d with ACR, 
upon the upper Side of which are placed the Months and Days of the Month, and alſo the 
Signs with the Degrees of each Sign, by which you may count the Sun or Stars, Azimuth and 
Amplitude; the Poles of this Cirele are, „ the Zenith, and y the Nadir. 
5. TRR Quadrant of Altitude is a thin Brafs Plate, rivetted to a Braſs Nut, which ſlides 
upon the Meridian, mark'd in the Figure with x z, and divided into go, beginning at ; 
this ſerves to find the Altitude of the Sun, Moon and Stars above the Horizon, and is an uni. 
JJ EEE T9 AK RS SE 130A THOR | 
6. Taz Braſs Meridian (before deſcribed) is an univerſal Meridian, and other great Circles 
paſſing through the Poles, ſuch as N:S, NFS, NAS, NgsS, Cc. are alſo called Meridians, 
Hour-Circles, or Circles of Longitude. 3 

7. TRE Equator is a great Circle, which divides the Meridians into two Parts at an equal 
Diſtance from each Pole, it is here repreſented by "hon Nov the Latitude of any Place is 
its Diſtance from the Equator, which you w=4 know by turning the Globe about until the 
Place is brought under the graduated Side of the Braſs Meridian, and if the Place is on the 
North Side of the Equator, then it is called North Latitude; but if on the South Side, it is 
South Latitude, and its Longitude is the Diſtance of its Meridian counted upon the Equator 
from the firſt Meridian. W . 

8. PARALLELS of Latitude are ſuch as divide the Globe unequally, and are all parallel to 
the Equator 11. , , , by, rr, vv. Of theſe, two of them are the Tropicks, and are 
23® : 29“ from the Equator, on each Side as 2s, , If, V, and thoſe two Parallels which are 
at the ſame Diſtance from the North and South Poles are called the Artick and Antartick 
Circles; theſe are rr the Artick, and vv the Antartick. | 

9. Tux Ecliptic, is a great Circle making an Angle of 23“: 29“ with the Equator, this is 
mark'd with ez C vx. | : | OS. 0 

10. Az IMU TES, or Vertical Circles, are great Circles paſſing through the Zenith and 
Nadir, as x&y and n, the Altitude of the Sun, Moon, c. are meaſured upon them, 

and counted from the Horizon upon the Quadrant of Altitude, as aforeſaid. So if the Sun 
was at n, his Altitude above the Horizon would be the Arch , and his Azimuth # e, equal 
to the Angle ex n. | . | 

Rumss, are Points of the Compals failed upon, as if a Ship at ? ſhould fail thence to 4, 
then her Courſe is directly North; if to 5, tis Sauth; to w,.Welt ; if to 5, 'tis Eaſt ; if ſhe 
ſails from t upon any Point between 7 2 and : h, the Courſe is North-Eaſterly ; if between 7 4 
and 7, tis North-Weſterly ; if between 7b and 7, South-Eaſterly. Laſtly, if between 10 
and t 20, it is then South-Weſterly, according to the Angle which the Line of the Ship's 
Motion makes with the Meridian 5 4; ſo if a Ship had failed directly from :? to i, then her 
Courſe was the Angle 2 i, the Difference of Latitude 27, her Diſtance run is zi, and her 
Meridional Diſtance a7. 5 = | 


* 


THEsE are the principal Points and Lines which relate to the Projection of the Sphere 
upon the Plane of the Meridian, of which it may be ſaid there are two Sorts ; one is uſed in 


Aſtronomy, and drawn for a particular Latitude and Time, the other is univerſal and uſed 
in Geography and Navigation. I 
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To prijeft the Sphere upon the Plane of the Meridian, ' ſuizable 


to any Latitude and Dechination. 


E845: v 4 


$. 7 
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e N ri „ ee yo eee Mme in 
; U nee E 5 * \ / M P IL E. * . 
Lr it be requir'd to 92 che Sphere upon the Plane of the Meridian for the Latitude ; 
of 520 16/, ſuppoſing the Sun to have 20: oo / of North Declination. WW 
ARE Et, i WL * (1.) Wirn 43 


{66 Of ASTRONOMY. 


(I.) Wrern,; 60 Degrees of the Line of Chords in your Compaſſes ſet one Foot in „, and 
with the other deſcribe the Primitive Circle, or Meridian A Z PN, and through the Center 
r, draw the Horizon A B, at Right Angles thereto the prime Vertical ZN. 

(2.) TAkx the given Latitude in your Compaſſes (from the ſame Line of Chords) and ſet 
it upon the Meridian from B to P, and from A to 8, and alſo from Z to æ, and from N to 9, 
then from P to 8, py PS for, the Axis or ng this View) the Hour of 6, and æ 9, for the 
Equinoct i.. £75 

(2.) TAKE A. 00. 2 out e Line of Qhdjdtin your Qompaties, and lay it from and 
9 to d, and 95) for 288 oa of he i 2 ou fame 17 0 from æ and to yy and W, 


from "x, ly 1 I 4 8 
(4.) Bc er de i 5 C's by 28 

of Chordalid: (et-it Upon the Meridiah Hom 4 © 55 

lel * the Eq vinoctial, "andobſerye” 


Where; it cuts the North Part of the, v. Meridian TEE 3 for there the Sun will be at 


Midnight” N > DS 
2. Where it cuts che lere 3 ts af „ for Ke wil b e. nis Riſing or Setting. 
3. Where it cuts the Hour of 6, as ity, N pods 5 t Hour. 
4. Wherg it'cuts the prims' Vertical: Z7N,'as ut t cbere n due Eaſt or Weſt. 


Tx 


5. Where it cuts the Ecliptick, as at þ, e.he is at * Jour between Eaſting or 
AV eſting ant Yu hen the Veli: Degree is" upon the aun, and i in the firſt Point 


of 95 W. 5 2 22 MP4 4» 8 ö ; - 
: 5 a A: . 4 ” TH * ; * 5 Li 8 
N TI R 5 2 6. wah - 


$2 & # * 1 . W * 
Y by * 8 1 


was 7 * 


1 gals t 8 £,4, 12. Fane: the NI. dans (or N PVS, P4S, 
„ e P08, and Alo the Con phos = Lircles * 5 „ > N, and 4 
Now, By the | if x ai Hogr ; Circles, With the Meridian 


+ Prithe Vertical I N, the Axis 


» 4 8 . xs * ” E 22 * 2 
N 7 2 5 2-2 
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AT eas 7 8 + OO 
- Th) The Ecliptical Eriangie-- br Right angled at a, SY . 
1. The Hypothenuſe br,i is Part of the Exliptick ; #, . bene the Sun's Flace from the Be- 
pinning of r. N , of Ig 
2. 47, an Arch of the Equino&tial the'Bun's right Abenden Sbm the Beginning of -. 
. ba, an Arch of the Meridian Pa 8, the Sun's preſent Declination. 


. The Angle hr a, made by the Ecfiptick and Equinoctial, is the Sun” > greateſt Declination, 
which, according to Flamjbead i is 23%: 


2 
5 he Angle ab £3 made by 0 we Laer a and Meridian, | is the Angle of the Sun's 
Poſition. 


(2.) The Azimuthal Triangle T, "i Right-angled at I, nhath Parts are, 


1. The Hypothenuſe cr, an Arch of the prime Vertical, 'is the Sun's Altitude, being due 
Eaſt or Welt. 
2. The Arch of an Hour Circle , the Sun's preſent Declination. , 
3. The Side 77, an Arch of the Equinoctial repreſenting the Time after ſix i in the Morning, 
or betcre ſix 1 in the Afternoon, when the Sun will be dne Eaſt or Weſt, ' 1 
4. e 
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4. The Angle c 71, is the Latitude of the Place, equal to Ze = BP. .. 
5. The Angle 7 cl, is the Angie of the Sun's * in N of "a Pole and 
Zenith. 


(3-) The @peridtonal Triangle rde, Right-angled at e, of which, | 
1. The Hypothenuſe r d, is the Sun's preſent Declination 
2. The Side ve, is the Sun' s Azimuth from the Eaſt or Weſt at the Hour of ſix, 
3 The Side de, is the Sun's Height at the Hour of ſix. 
4. The Angle 4r e, is the Latitude of the Place. And, 
5. The Angle 74, is the Angle of the Sun's Poſition. wn LT 


(4.) The Darizontal Triangle fg, Right-angled at g, "of which, 
1. The Hypothenuſe , is the Sun's Amplitude at Riſing and Setting. 
2. The Side r g, is the aſcenfional Difference or Time between his Riſing or Setting and 
dix o' Clock, or tis the Difference between the Right and Oblique Aſcenſion, | 
3. The Side 7 g, is the Sun's preſent Declination. 
4. The Angle Fg, is the Complement of the Latitude of the place. 
3 The Angle r 4 2, is the * of the Sun“ 5 Poſition, 


(5. The 


(5.) The Peridional Triangle PfFB, Right-angled at B, in which, 

1. The Hypothenuſe P/, is the Complement of the Sun's preſent Dedlination, | 

2. The Side FB, is the Sun's Azimuth of Riſing and PORE. 1 the North ON of the 
Meridian. | 

3 The Side PB. is the Latitude of the Place. | 4 
4. The Angle 4 PB, is the Time from Midnight, at which the Sun fiſes or ſets. And, 

: th, © Angle FB, is the * of the Sun 8 * in reſpect of the Pole and 
co : 


The Parts o the Ditique-angied Triangte PZ b, are, 
1. The Side Z b, is the Complement of the Sun's Altitude (4m). 
2. The Side ZP, is the Complement of the Latitude of the Place. 
3 Pb, is the Complement of the Sun's preſent Declination. 
The Angle ZP s, is the Time from Noon. 


1 The Angle ö Z P, is the Sun's Azitnuth from the North, whoſe Supplement i 1s the Ang 
5 Z h, his Azimuth from the South. 


6. The Angle Pb Z, is the — of the Sun's Foſſtion. 


The Uſe of the porter Meridional — in ſome of the 
ge * 0 oft. _uſeful. Problems in Aſtronomy. + 4 


(1.) In the Ecliptical Triangle, abr, 
* . 


Grven the Sun's Place rb = 29: : 8/ of 8. en . bra= = 23%: 29, to 
find his preſent Declination l . 


F 
s to the Sine of 1 = 59 | — PI 
80 i the Sine of br a= 23² 29 e 5 


To the * of the Sun s 's preſent Declnaton ba = = 209: o 


1 


95340803 


p R O B. - 


Given the Sun's greateſt Declination 5724 23% : 297, and his preſent Declination ba = 
20%: o', to find his Place or Diſtance 15 from the firſt Point of x. 


As the Sine of the greateſt, N ination, 23* 229 — — 9.604090 


Ts to the Sine of the preſent D — 85 2 d“ — — 9.340517 
So is Radius 4 


— — — — — | 10. f 


W the Sj ne * the Sun's Diſtance from the firſt Point f * 


— 


— 


PR OB. 
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P R O B. 3. 
Gtrven the Sun's Place 8 „299: 9 and 30 preſen Declination 200: 00/ to find its right 
Aſcenſion 14. Say, <1 
As the S. c. of the preſent Declination 209 : o 44 — 9.9298 58 
Is to Radius — — — 3 
So is the 8. c. of 590: 10k — i WF forges 
To the Sine-Complement of the Sun's R. A. ra = 560: 55 - ee 


( 2.) In the Azimuth Triangle, c Ir. 
I. 


Given the Latitude of the Place 520: 200 = cr1, and preſent Declination of the Sun 
200: of , to find the Sun's Height when due Eaſt or Weſt cr. 


As the Sine of the Angle crl = — 520; 207 ———— — 9.84944 | 
Is to the Sine of the Sun's Declination 1 2 20: of | codec 5 5340517 | 
a 90 is Radius — — e 
To the Sine of cr = 25® : 360 (the Altitude requir'd.) — | 9.638 557 3 
RON 


Brix at Sea in an unknown Latitude, I ſet the RR and find chat 1 1 from me e direclly 
Eaſt with an Altitude of 25: 360 = cr, his Declination being 20: o' North = 1. I demand 
the Latitude of the Place of bſervation. 


As the Sine of the Sun's Altitude 25%: 360, co. ar. — o. 3644301 
Is to Radius — — 10. 
$ is the Sine of the Sun's preſent Declination 200. 0 — EE. 5340577 
lo the Sine of the Latitude requir d 4 5 20' — — 1. 8984818 . 
P R O B. . 


Gives the Sun” s Declination c 1 = 20® 05 North, and the Latitude of the Place 529: 20 
to find the Time from ſix (7 /), when he will be due * or Weſt. | 


As the Tangent of the Latitude of the Place 52* — 10.1 124058 
Is to the Tangent of the Sun's Declination 200: 00 — — a 5610658 

So is Radius — — — 10. 

To the Sine of 16: 19/ — — — 9.4486600 


Tavs, 16* : 1900 be reduced into Time b alowing I 50 to an Hour, is 1 os which being 


added to hb, makes 5 for the Time of t the Sun's coming to the Eaſt; and the ſame be- 


ing taken from 665 t ere will remain 4* : 55' for the Time of his coming to the Weſt. 


(3) #-- 


by 
. UP 
[> 
— 
- SLY 
* - 
F2Y 
- = \ 
/ ; 
* 
U 


ſix 1 5? : 42/, to find the Latitude of the Place (d e). 


two Parts of this Analogy are the ſame as at Prob. x. but the Reaſon on the Difference 155 
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63 ) 5 the Meridioal Trang, de. 
8 B. 


Gives the Latitude of the Place 52: 20' dr e, and the preſent Deelination of the Sun 
20 : of rd, to find de, the Height of the Sun at the Hour of ſix. 


As Radius — — _ — IO. 
| | | , = 
Is to the Sine of the Declination 202 : o/ — | 9-5340517 
So is the Sine of the Latitude of the Place Jus 20% — — 9. 8984044 
To the Sine of the Sun's Height 15˙ 1447 — 9.432540 
PR: OB. + 2. 


Giyxx the Latitude of the Place 52 05 and the Sun? 8 Declination 200 : o/ North, to 
find (ve), the Sun's Azimuth, at the Hour of fix. 
As the S. c. of the Latitude .* 20/ Sits 77 577 .; end — e 2 7860 


„ 


Js to Radius 35 eee Oe 7 be 
So is the T. c. of the Sun's Declination 200: — — 10. 43893 


To the 12 5 of the Arch 7e = 120 * 32: | 3 — 20.652815 


Tur Complement of this is E : of; 280 e B, the Sun $ Azimuth from the North. 


GIVEN the Sun's Declination (- 1 209: of North, and his Altitude (4 3 at the Hour ot 
As the Sine of the Sun's Declination 20® 248 — — 9.534051 


Is to Radius — — — 10. 
So is the Sine of the Sun 8 s Altitude at fix = 15% ; 427 nn en 94323285 


——  — 


To the Sine of the Latitude requir'd 52” : 18/ = 8 — 9. 8982760 


Hex the PIR might expect that there ſhould come out 52 2 2 : becauſe ſe the other 


that, for the Anſwer to that, we accepted of the next neareſt Minute, viz. 155 420%, with: 
out enquiring any further; but to be more exact you may do thus: | 


The Sine of 15 43“ is 9:4327777, Sine found was ABR 9.4325461 
of 15 : 42 is 9. 4323285, chat of Ty 42 is — 9.4323285 


Difference for bo Min. is — 4492, Difference is „„. 


Now 


W ** — . * _ 48 «+ * 2 . * 5 188 8 f 
u 4 by 140 * is i 2 0 4 W R 1 4 4 8 2 » = 
«> "If * 3 WT. n R c Sed: > - us V2 0” N 9 12 2 
* p64 "_y $ * N N * ＋ 8 4 75 1 2 os. a; 9 * E P 1 » 9 
9 N # * n — 
* 4. f : - 5 
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BE | 
Now ſay, As 4492? © 6o' : wx 


a 4.4 1 GLUE 
40720 


292 * k Yau Be 
1 


Now, if in the Analogy of this third Prob. you take the Sine of 15 : 42: 29. 
INSTEAD of the Sine of 15: 42“, 'twill be, LE ONES Doo wi ann 
As S. of 20* : of Ss 


— 95340577 

Is to Radius — — — 10. 
So is the Sine of 15: 42:29“ — — 9-4325456 
To the Sine of 529 : 200, the Latitude requir'd — 9.8984939 


(4.) 1 Horizanal Triangle, rfg. 
PN OK x: 


Green the Latitude of the Place Pr B 52* :20', whoſe Complement is the Angle 95 g 
= 37* : 400, and alſo the Sun's Declination fg = 209? : o', to find the Side rf = the Sun's 
Amplitude at Riſing or Setting. ” 0 9 eee 

As the Sine of eg = 37% :40 —— — — | 9.7860886 

Is to the Sine of the Sun's Declination g f = 200: of —_— a 9-5340517 

So is Radius — — —n 10. 

To the Sine of the Sun's Amplitude rf = 340: 33 97479631 


 Grven the Latitude of the Place 52: 200, or its Complement 37: 400 = frg, and the 
dun's Declination fg = 20: o', to find the Aſcenſional Difference 7 g. | 
As the Tangent of 37* :4o _ ——— 


_ 9-887 5942 

Is to the Tangent of the Sun's Declination 200 20“ — — 9. 5610658 
So is Radius —— —— — 10. 

To the Sine of rg = 28: 8 — — — 9.673416 


Tars reduced to Time is 18: 52“: 32//, which being added to fix Hours, gives the Time 
of Sun's Setting 7* : 52“: 32//, and being ſubſtracted from fix Leaves the Time of his Riſing, 
if you'd find the Length of the Day double the Time of Setting, and that will be 15* : 45: 4% 
wich being ſubſtracted from 24 Leaves the Length of the Night 8* : 14“: 56”. 


Z NO 


= 


OO AS T RON O M V. 


p RO B. 3. 


Grven the Sun's Right Aſcenſion, and his Aſcenſional Difference, to find his Obliu A 
cenfion and ER. 8 


— 


R U Lu 


| Is the Sun's Declination be North, ſubſtract the Aſeenſional Difference from the Right Af. 


cenfion, and the Remainder will be the Oblique Afcenhon ; 3 but if you add them together, 
the Sum vill be the 2 Deſcenſion. | 85 b Sat N 


* —— 


3 | R U L 2 Ez 


\ hs the Suro 8 Declinationtbe South; 200 the Aſcenfiond Difference and gt don to- 
2 the Sum will be the Oblique Aſcenſion; but if you ſubſtract the Aſcenſional Diffe- 
rence — the Right Aſcenfton, the Remainder will be the Oblique Deſcenſion, | 


EXAMPLE 


Ar the third Problem of the Ecliptical Triangle the Sun's ki Aſcention 3 60 RET 
was found to be 505 55 
Ax p at the ſecond Problem of the Horizontal Trian igle the Aſcenſional 7 3 20 
Difference was (ſubſtract) — — — | 1 ox 


Remains the Oklique Aſcenſion —_ — — 28 47 


THE1R Sum is the Oblique Deſcenſion — : wi -.- : 8 : 03 


E X A M P LE 2. 


Lr the Sun's Declination be 202 : o/ South, whence, and his —_— 


Declination his Right Aſcenſion will be found to be —— 2365 54 
AnD let the Aſcenſional Difference be (as above) —— —— 28 : 08 
THER Sum is, the Oblique Aſcenſion 3 205 bs. 
An Difference, the Oblique Deſcenſion 1 — 3 : * 


P R OB. 4- 


Given the Latitude of the Place £29 : 20' and Sun 8 Deckimceidin 20? : o/, to find the 
Angle of the.Sun's Poſition g fr. 


As the S. c. of the Dedlination 209: of — — 9.9729858 
Ts to Radius — — — — — —— 155 ER 
So is the Sine of the Latitude 52: 20' — — — 98984944 
To the Sine of the Sun s Angle of Poſition 57% 124) — — 7 55080 


(5) The 
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(5. The Meridional Triangle, PTB. 


Given the Latitude of the Place BP = 520: 20%, and the Sun's Declination ef = 
orth 


200: of, whoſe Complement is fÞ = = 70: oo”, to find the Sun's Azimuth from the 
at his Riſing and Setting. 


As the S. 6. of the Latitude 52® : :20/ — — 9. 7860886 
Is to Radius — — — 3 1 £8 

So is the Sine of theDeclination 20® : ff T — — 9. 5340517 
To the S. 6. of the Sun's Azimuth Bf= 55e 58 * 97470631 


Grven the Latitude of the Place 529 : 20/, and the Sun's Declination 20® : o', to find 
the Time of the Sun's Riſing and Setting BP 7 
As T. c. of the Sun s Declination 20: of, — — 10. 4389341 


| Ko the Tangent of the Lude ofthe Place 52%: 20 — 
So is Radius — — 


10.1 1240 58 


To the Co-ſine of the Hour from Midnight 61® : 52/ 


— — 967347 17 


Rx Duck this to Time, and it is : & : 28// the Time of Sun-rifing, which being ſub- 
ſtracted from 12, leaves 7 EN : eb r the Time of his ſetting. 


PROB. 3. 


Given the ſame Things as above, to find the a of Poſition B VP. Say, 
As the S. c. of the Sun's Declination 200: = — 99.729858 


Is to Radius mage? 5 8 Ag Py 
So is the Sine of the Latitude of the Place 529 : 2/  ——— 9.8984944 
To the Sine of the Angle of the Sun's Poſition, in reſpect of the J 1 
Horizon and Meridian 575 : 23 = BfP 2 »” 5 | 5 9.925 5086 


AxD the Complement thereof is 329 : 37' = the Angle of the Sun's Poſition, in reſpect 
of the Pole and Zenith Z FP, 


_ 


©X - "I 
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Of the Obliquc-anghd Triangle P Z b. 


P R O B. 1. 


Gun the Latitude of the Place P B ga 207, whoſe Complement is P Z = 999: 4% 
the Sun's Declination 420 = 20: o/, the Complement of which is P = 70: oo!, and 
alſo the Sun's Altitude above the Horizon m = 50%: oo, whoſe Complement is Z U — 


40: o', to find the Angle P Z, the Time from Noon, when that Altitude was taken. 


Tunis, by the 7th Ariom, will ſtand thus: 
„ CP = 375% 2.40" 


Siren IPI =70 : © c to find the Angle at P.. 


9 =40 2.-0 


Som — 147 40 PS jo: o = 3: 50 Sine — 8.821200 
Half — 73 : 50 want, TZ PS 37 40 236 : 10 Sine 9.770522 

1 wy 5 bP — 70 7; 00 c, ar. — — 0.02” | 
coco a SP =37 40 war, e 0.27971 


Haff Sum = 15® : 12 — 9:4185048 
This doubled is 30? 24 PZ =2" 36%, the Time requir d. 1 5 


« — - -- 


PR OB 2. 


Gzven the Sun's Altitude 500: 00/, the Latitude of the Place 520: 20“, and the Time 
from Noon 2*: 1' : 36'/ = 30? : 24/, to find the Sun's Azimuth from the North Pz ö, or 
its Supplement h zh, his Azimuth from the South, (ſee the laſt Meridional Prejection) and let 
the Triangle bzP, in that be repreſented by the following. | 

THen from E, let fall the Perpendicular z B, and find the Angle BzP. Thus, 

| (1:) S. c. E P — go” . 400 + R: | N _ | — | A, 19.8984944- 

tt. t. r 20” : 24 — — — 10.231 5865 


Is equal to the T. c. of B P 65˙ ““)“ — —— 99 


2.) As T. c. 2 PS 37: 40“. co. ar. — PI FR. — cas 
= Is to T. c. bz 3 x - — —  , N 1805 
So 8. c. BsP= 65: 5 —— — — | 9-6245917 
„ en 9.883718 


Add BEP = $&5 : os | 
Sum is. 132 : 17 the Sun's Aximuth from the North = hz P. 


* 


—B ae Oc 


Its Supplement 47 : 43 is the Azimuth from the South = 5 24, 


P ROB. 


1888 o 2 - * ih = r * : TY _ ” N " y . 
28 K * 3 88 m * * 8 N 9 8 * 7 * Bog 
e EE Aa Bol ohZ I ˙A ae ‚⏑—  .- , 
, a wry R 9 e en * * PE 1% JO 88 * *- 4 A an LP us 5 * . 
wa 
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ee 8 A 22 5 N 8 2 2 
5 4 4 * FP * * ere 2 n Sn — 
* 9 N * PTE A by we < * 7 8 \ * mY V al N 19 E * 5 
: * _ W Na N e ” 8 * * * 
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P R O B. 3. N 4 


Given the Complement of the Sun's Declination:P 5 = 70: o/ the Sun's Aximuth from 
the South z h = 479 :.43/, and the Complement of the Sun's Altitude 25 = 40: o, to 
find the Complement of the Latitude of the Place of Obſervation Pz. 

(1-) THEN, to find the Side 52. 


S8. c. bzh=47*: 43 ＋ R 2 _ 19.827884.3/ 
1s equal to Tangent of þz = 29% :277 == 9.7 516978 

(2.) Say, As 8. c. of bz = 409': of 60. ar. —— PRI o. 11 57460 
Is to S. c. 3 P 70: of _ * 9.534051) 

80 is 8. c. 522 29 27 | ne — 9.9399 110 

| ; To 8. c. 552 | — — 699 287 | 9.58 == 
From which take bz = — — 29 2 1 


There remains 2 P — — 37 : 40 the Comp. of the Lat. 
Therefore the Lat. of the Place of Obſer vation was 52 : 20. _ 


Taz moſt common Way to find the Latitude of a Place, is by the Sun's Meridian Alti- 

tude, and his Declination; fo in the Meridional Projection, let H be the Sun's Declination 
S 20: of North, and A+ his Meridian Altitude = 57: 40. Then, if from tbe Meridian 

Altitude, you take the Sun's Declination (becaufe tis North) there will remain A = T7*: 
40/, for the Complement of the Latitude; therefore the Latitude is 52* : 20/. 

Again, let the Sun's Declination be 23? : 29“ =.@ r, South; and his Meridian Altitude 
Af = 14: 11'; then to the Meridian Altitude add the Sun's Leclination (becauſe tis 
South,) and the Sum is Aæ = 37: 40%, for the Complement of the Latitude; therefore 
the Latitude is 52® : 200. 5 

Bur it often happens, that when the Sun is upon the Meridian it is clouded, fo that then: 
the preceding Rules cannot take place; therefore the following may be very uſeful. 


PROP. 


5 


— . 5 5 " 4 * 6 Wremen Ot 10 5 w 7 Vas R 4 
i a 4 £ 1 * * "-M1 4 — N 3 „ wg bd 2 * 2 es * 9 a . * 7 1 4 bs 2 TT * * x * 9 « 7 
4 Fu 4 Fn FEY 4 4 «ia "rey 2 . 1 A * 82 4 * $648, $12 N * F N . TY * 4 . A * A 25 W an 8. * "= N 9 * 7 8 . 3 * " 
A = 7 * FRYE * n +. - £36 Y > bt — vo 1 * 8 4% . * a fs en fm * Y \ 7 \ 1 + * L 8 
2 8 * 2 Ae * * 9 * N * ts, mY x { Nel * $ N. 5 * x n j & I 3 v; * Ag F * PEA * W 7 * 5 
eh nn, Ht £0 Grail * 8 . . 2 
I N * 7777 i»; 1 x , q 0 2 . 8 I 
1 y 0 \ 

o \ * ” 
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Grven two unequal Altitudes of the Sun, taken on the ſame Day, and the Time between 
each Obſervation, together with the Sun's Declination, to find the Latitude of the Place, 


EXAMPLE E. 


LE the Sun's Declination be 202? : o“ North, the Time of the firſt Obſervation 7 39 
A.M. and his Altitude 30: o“. | 
TE Time of the ſecond Obſervation 9 58“ A. M. and the Sun's Altitude at that Time 
oo: Oo! ; ſo the Time between each Obſervation is 2: * equal to 36* : o'. I demand the 
titude of the Place where theſe Obſervatians were made . 


In the following Diagram, let ga en be the Parallel of the Sun's Declination, Ze the Com- 
plement of the Sun's Altitude at the Time of the firſt Obſervation, ⁊ 4 the Complement of 


his Altitude at the ſecond Obſervation, and the Angle ap e the Time between each Ob- 
ſervation. EE gd ne : 5 


x. TyRovGH the Points p and s, draw the Meridian p 45, ſo as to make the Angle < pa, 
with the primitive Circle of 30“: 3o', and alſo the Meridian p es, to make an Angle with 
the Primitive Circle of 66: 30 = zpe, TT „ 


2. DRAW the Parallel of Declination 9a en, and it will interſect the ſaid Meridians, or 
Hour-Circles, in à and ; thro' which Points draw the Vertical Circles za N, and ⁊ en. 

3. Tuxovo the Points 4 and e, draw the great Circle dae, and draw 5, at Right 
Angles thereto ; which will divide the Angle ape, into two equal Parts, viz. 4p = 189, 
and bpe = 182; ape being 369: o'. Now, in the Right-angled Triangle @ p &, you have 
the Hypothenuſe ap = 70*: o, and Angle ap = 1859: oo, to find the Side 20; which, 
being doubled is a e, one Side of the Oblique-angled Triangle aez, and alſo the Angle 
ba p. 3 . LOSS | | 3 N Fe | 


Trex, in the Oblique-angled Triangle Z ae, you will have 
4 2 


ö e { to find the Angle zge, from which take p ab, and there will remain ⁊ a p. 


AGAIN, in the Triangle as p, 22 have ap, the Complement of the Sun's Declination, 
a 2 the Complement of the greateſt Altitude, and the Angle paz, to find p z, the Comple- 
ment of the Latitude; whence you'll have p R, the Latitude requir'd. 8 


OPERATION. 


OPERATION. 


nen 8. c. of a 70: o/ R 3 
e.. of ba = 18* 20 — 
Is equal to 7. c. aim 397 a; 
(2.) To find ab, fay, | 
Is to the Sine of 43 = no* 2 of — — 
So is the Sine of 8 — FIVE 
To the Sine of ba = 16*® : 53 — . 


This doubled is 3e = = 33*˙: : 460 


63.) In the Triangle zae, you have 
a 2 90 | : 
2 46 { to find the Angle zae. (by Axiom 7.) 


Sum £33. 3:46 
3 40: of = 26: 537 its Sine 


HA 1s" ge 5 Want” 13, 46 = 23 : 07 its Sine 
os J42= 40  O Co. ar. | 0-00 
Containing Sides 3 ae'= 33 : 46 0. ar. a 


10.534057) 
IG 


9 0458277 


10. 8 | 
9.9729858 
94899824 


ei... 


_ 9.4629682 


9.65532068 
9-7374075 
0.1919325 
0.25 50720 


— 


Sum 


DS, 


- <8 


MES 
= 


given at Caſe the 3d, of Oblique angled Spherical Triangles. 


* 8 * 1 F k N \ © 
Of. AST RON OM x. 
Half is the Sine of — g — 9-91 8804 
And this doubled is — 112 : 30 for the Angle z ae. n 
From which tak hap — 83 : 39 e 
And there will remain zap = 28 : oo 2 
(4. In the Triangle z 4b, you have now % = 50 : o f to find xp, by a Rule 
=28 : 


Thus, 


As Radius 5 


10. 
To S. c./28* rr — — «942 

So is the Tangent of 40*: of — 3 

To the Tangent of a qth Arch = 36 119 — 9.866268 
The 4th Arch ſubſtract — 36 : 19 
Remains the Reſidual Arch | — 5 1 ar 

As the S. c. of the 4th Arch = 36: TY — R Emou o. 0935964 

Is to the S. c. of the Reſidual Arch 335: 41 — | ns ut 

So is the Sine-Comp. of za = 40* ! _ — 908842540 

To the S. c. of 2 5, the Comp. of the Latitude = 3): 43˙ — 9.898230 


And thence the Latitude requir d is þR = 5217 


Ir may ſo happen, that you can have but one Altitude of the Sun upon that Day that you 
would find the Latitnde of the Place according to the Method propos'd above, by reaſon of 
the Sun's being clouded too foon after you have taken the firſt Altitude, before you can take 
a ſecond ; and this may be the Caſe on the Morrow, or three or four Days together ; how- 


_ ever, if you can but take two Altitudes, tho' upon different Days, and the Time of each 


Day when you took thoſe Altitudes, you may find the Latitude of the Place, as below. 


EH SAMPLE 


SUPPOSE, that upon January the 20th, 1728, at 30 Minutes paſt Two, P. M. I found the 


Altitude of the Sun to 1 3 5”, his Declination being that Day 179: 31“ South, and not 
having an Opportunity of ta 


ing another Altitude (by Reaſon of Clouds) until January the 
24th, at 18 Minutes paſt Nine in the Morning, I then found the Altitude of the Sun to be 
130: o and Declination 167: 22 South, I demand the Latitude of the Place where theſe 
Obſervations were made. | i 

Ix the following Figure, let B be the North Pole, C the Zenith, BC a Part of the 
Meridian, or Complement of the Latitude requir'd, AB and DB Arches of two Hour- 
Circles, making the Angle ABD = 5* : 12, or 789: o; A and D, the Poſitions of the 
Sun at the Times of Obſervation, A Band DB the Sun's Diſtance from the North-Pole at 
thoe Times, and-AC ind DC, the Complements of his Altitudes. Then, 


| Is 


. 3 
4 


In the Py ann Triangle ABD, vou have the Sides 
= 90 + 170: 31 10% 31 
8 + 16 : 22 = 106 22 Þ cba AD 
And PE.” AB 2 = 754 : 00 


Tux Sides AB and DB, of the Triangle AB D, being more than a Quadrant, it will be 
more convenient ( according to Definition 6th, of Spherical Triangles,). to find A D, as Part of 
the Triangle A D H in which you have, 
AH = 73: 387 the Supplement of AB, | 
| 212 22 2 the — of BD, q to find AD. 


10 I.) As Radius 3 


Is to the S. c. of AHD = = 765 oo 5 — 93178789 
So is the Tangent of H D = 72“: 297 — 1᷑0. 5008374 
'To the Tangent of a 4th Arch = 33® : 1 — 98187163 
The greater Side AH — 73 : 38 ; | 
Reſidual Arch — . 

(2) As the S. c. of the 4th Arch = 33“: 22 0. ar. — 0.082261 
Is to the S. c. of the Reſidual Arch = 40: 16/ — 9.882 5499 
So is the S. c. of the leſſer given Side HD = 72® : 297 — 9-478 5423 

To the 8. c. ns the * required AD = 74? : 2 — 94393183 

(3. Havinc found A D, you may find the Angle ADH. Thus, | . 
As the Sine of AD 74“: 20 co. ar. o. 0170860 
Is to the Sine of AH D = 782: of — 9. 9904044 
So is the Sine of AH= 73? : 38“ — i 
To the Sine of ADH n 2 all - 2 9895255 
The * of 77: 28" is 102® : 3² equal to the Angle ADB. 

.) Having AC= 770 : oO 

DC=7 : 55 find the Angle ADC. 
And AD=74 :02J | 6 
Sum — 227 Wy 
Halls < _ * (7940: 2 = 39? i Sine 9.8074640 _ 
= 313... 6 wad $70": 5 BJ og Sine. 27735658 
AD =74 : 2 co. ar. — o. 0 17080 
CD 3 55 .  0.0114224. 
3 — — 19. 6159385 


Half is the Sine of half the Angle | ADC= = 39fꝗ 59/:21' — 9. 9.807969 
Which being doubled is 79: 50“ fere = Be. 4 


RIS Ve "Hl From 
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From ADB = 33 — — 102® : 32 


And there will remain the Angle CDB = |_—— 2 33 


As Radius ee og | : | 


Is to the Sine-Comp. BDC = 22? 2 —— 
So is the Tangent of CD = 76® : 55 —— 

To the Tangent of a 4th Arch = 75: 53' ſubſt. — 
Remains the Reſidual Arch — 31 38 = 
Then, As S. c. of 792 38 „ ny . 0.612793 

To S. c. R 3 — — 9-9301448 
80 S. c. 76 : 55 — — 9.3348750 
To the S. c. of BC = 37 247 — —— 9.8977 531 


Therefore the Latitude requir'd is 52: 13', 


P R O B. 5. 


Some Time in the Spring Quarter, in 1739, in the Forenoon, an Obſervation was made of 
the Sun, his Altitude was found 339 : 4“: 40“, and Azimuth from the North 102“: 40/ : 
52% ; and ſome Time after, on the ſame Forenoon, his Altitude was found 48 : 46': 53“. 
and Azimuth 134%: 39“: 56“. From whence the Latitude of the Place of Obſervation, 
Month, Day, and Hours of Obſetvation may be found, e, | | 
Tuis was made the 214th Queſtion in the Ladies Diary, for the Year 1740, and anſwered in 
the Year 1741, by Mr. Thacker, who gave a general Theorem, as requir'd ; but the Founda- 
tion thereof being of too high a Nature for our young Trigonometriſt, we haye anſwered it 
according to the Courſe of this Work ; where he will have the Satisfaction of feeing the great 
Harmony there is amongſt Things that are built upon Truth, ; 


C ON- 
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CONSTRUCTION. 


1. Tax 60 Degrees in your Compaſſes from a Line of Chords, and ſetting one Foot in 
C, with the other draw the Primitive Circle z H 44, and quarter it with the Horizon YH, and 


2. Faom a Line of Half-Tangents take 120: 40“: 52 = 102* : 40“ 52/!—90?, and lay off 
that Extent of your Compaſſes from C to t, and from the ſame Line take 44* : 39“: 560 
134%: 39“: 55%/— 90“, and fet that off from C to p, and thro' the Points f and 5 draw 
the Vertical Circles ⁊ f d and ⁊ p d, and find the Pole of xd at 5, by Help of which ſer 
off the Sun's Altitude 33: 41“: 40 (found at the firſt Obſervation) from t to h; find 
alſo the Pole of the Vertical Circle ⁊ p d, as at g, by Help of which ſet off the Sun's Altitude 
480: 46“: 53” (found at the ſecond Obſervation) from þ to a. 


Taxovon the two Points 4 and 5, draw the great Circle 24 h m9 which being done, 
bie the Part a+ in 9, and find the Pole e; then thro” the two Points e and 9, draw the 
great Circle N 9 e, ſo will N. be the North-Pole, and 5. the South-Pole; which being found, 
draw N CS for the Axis, and at Right Angles thereto the Line 4 C, for the Equinoxial ; 
ſo is HN the Latitude requir d and N or 5, its Complement. 


4. Finn + the Pole af the great Circle Ns, and laying a Ruler upon the Points & and 5, 
it will cut the Meridian or Primitive Circle in n, then the Arch æ n is the Sun's Declination. 


. Lay a Ruler upon NS, aud it will eut the Primitive Circle in I; lay it alſo upon Ng, 
of it will cut the Primitive Circle in o; then the Arch I, when reduced to Time, will be 
that of the firſt Obſervation from Noon, and the Arch æ o the ſecond. GE 


2 | 
{ 


Aa 2 By 
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By Calculation. 


I. Is the Oblique-angled Triangle azb 2 have the Angle 25 K N 
| 134? 56“ — 102® : 40! — 4 
2b = the Fomptement of the Sun & Altitude at the Time of the 5: FEES; \ 
firſt Obſervation = — ö 
And a 2 — of the Sun's Altitude at the — Ob- „ 
ſervation — 14 S507 4 
By which you will find the Angle 5. baY= — — $10 44 i 2 
The Angle ab z = — — — — 1 3x 2 
OI" &9 = — — — a: . T2 


2. Ix the Oblique-angled Triangle Zan you.” have the Angle zan 


= the Supplement of U = J 69 . 26 : 35 


The Angle n 2 a = the Supplement of 1 39': : 56" = — 45 


ini) 


With the Side Z 4 = as above — 41 
By which you'll find the Side z# to be | — — 39 3 : 59 
The Angle nz  =— — — — i : : 16 
And Side 2 — — — $— 49 
The vide a b was found to nary 28 - : 41" NN NY 3 BE 
The Sum of the two laſt is — — — 43 4 01 
3. In the Ri ight-angled Triangle n N. 7. Right-angled at . you . - ; 
| the Side 2 q = 43 : 01 : 
A le a = - — ona: 218 2 
wels ou'll find the 1 7 "N= = - — — — FE : 56 : 
The Ang e N Se. 8 44 : 59: 
And Sde 1N — — — N 74 47 
The Side u ⁊ is — — * 8 230 37 
Their Difference is z N, the Call of the Latitude TT 35 : o: 
— the Latitude ſought i is — — 54 : 50: 


6 In the Right-angled Triangle N, you have the Side ag= = „ 16: 


2: 

And Side q N= | | 68 : 56 : 

By which you'll find a N, the Complement of the Sun' 8 Declina- 3 

tion to be 72 69 36 

Therefore the Declination ſought is f — | 20 1: 2 3 . 
Which in Feaver's Almanack, for the Year 17 39, aden to My 11th. 

. You'll alſo find the Angle g N, tobe — 84 :39: 
The Angle z 4b, was found to be — : 110: 33: 
Their Difference is the Angle ⁊ 4 N = — — 25 : 53: 


5.09. 


„ 4 * 1 2 4 * N * 
* 9 b N * e A A tis " A "7 R . 
7 N 4 by . 2 FEY "97 "SH " n > A 5 = 8 wm 
wo * 2 5 * y hg! 4 * N "MP wy" 
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5. In the Oblique-angled Triangle a x N, you have the Side a N = 699 : 36“: 26” 
The Side 42 = 11 9 
With the Angle azN = E | A 134 56 
By which you'll find the Angle z NA = 290 50“: 560% which 8 
reduced to Time is 15: 59“: 59“ , which take from 12, and 10> . oo? 
there will remain — — a | 
And that's the Time of the ſecond Obſervation. 


AGAIN to the Angle 2 NA = 297 : 50“: 56“ add twice the Angle : 
«No, nll the Nita will be. © fs, . . gl c 59 : 59 : 48 
Which being reduced to Time is 36 59/ : 598, and this taken} 0, 8 
from 120 leaves the Time of the firſt Obſervation chili : 8* : oo“: 007%; 


Havix now gone through ſome of the moſt uſeful Problems relating to the Courſe of 
the Sun (which has no Latitude), thoſe that follow are intended to ſhew how to proceed 
with the Moon, the Planets and fixed Stars, that have Latitude. — 


E KK TOS TI; 


Given the Latitude and Longitude of a Planet or fixed Star, to find the Right Aſcenſion 
and Declination. % | Poms | 8 


EXAMPLE. 


Tux Bright Star of Aries being in Taurus 4? : 4': 20”, and having 99: 57 of North Lati- 
tude ; I demand its Right Aſcenſion and Declination. 
1. Dx Aw the Primitive Circle Hz N, which you may call the Solſtitial Colure, and 
quarter it with the Horizon H þ and Prime Vertical zN. | | | 
2. SET the Latitude of the Place from h to P, and from ⁊ to , and draw SP for the 
Equinoctial Colure, and Æ for the Equinoctial. 
3. SeT off 230: 29 from P to C, and from & to , and draw the Diameter =, r, 
for the Ecliptick, and Cx for its Axis. = 9 
4. TAkk the Half. Tangent of 34% 4': 207 in your Compaſſes, and ſet that off from r 
to 9, and draw the Circle of Longitude C 9x, upon which ſet 9: 57 from q to &, and thro? 
* draw PxS, and you will form the Oblique-angled Spherical Triangle P + C. 4 
Now, in this Figure you are to know, That _ Er 
1. 9 *; is the Latitude of the Star, and + C the Complement of the Latitude. 
2. x, is the Declination thereof, and * P the Complement of the Declination. 
3. 79, is the Longitude of the Star, and its Complement is 7 3 = CS. 
4. rt=tPr, is the Star's Right Aſcenſion. | 
5, PC SES Ar &, is the Obliquity of the Ecliptick. - 2 
Tux Scheme being drawn you may find the Quantity of the Arch 7 *, and that will be the 
Declination ; and alſo of the Arch r, and that will be the Right Aſcenſion, 


By 


4 43 *. 3 
1 o x", \ * I 2 * 
1 12 r 2 
* en n 2 
80 * i 4 
N 
, 
4 ; 


43 3 * * 1 Fs Sts © 2 7" * 4 "op n « $% 6 w... I & +5 „ * wt a | | . . X 
/ Ws: 
I 8 | — A 8 T R Q N O M Y, 
# 1 e K * 4 7 
* 4 „ a * . 
* 1 
E o 


By Calculation. 


In - a Triangle PC *, you have We I eu 3 

The Complement of the Latitude of the Star XC - - . 1 
8 The Complement of its Longitude 90 3 = — 55 5 4 0 
Met And the Diſtance of Loan Pole of the cans from the | 


13 To W the 8 of the Star's Dedlination Px; this ou may do by a Rule 
* hy "a 3d, of Oblique-angled Spherical 2 Thus, you may " by 
s Radius 


| | — 10. 
Ene CSS: 50 : 4 —— 83721 
To the Tangent of a fourth Arch 139 : 40': 48" — 9. — 


The greateſt Side C. , — 80 00: oo 


The Differ, is the Relduil Arch 56 21 12 


2. A8 


" ** 2 3 4 
« n * * * 8: ds. tad Io ä - * * x 
* I "7 « 9 a "Is. 
0 a * 5 * 99 * n * 
| g ork, : 
2 
wn” 
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As the 8. 6. of the fourth Arch 13%: 40“: 48”, co. ar — 0.012504 

: * the S. c. of the Reſidual Arch 66: 220 12 — 9.602958 
So is the S. c. of 230: 29 — — 9.9624527 
To the dine of 7 = 2 13/ : 5%, the Declination requir d — 9.577160 

Ac AL, to find the Right Aſcenfion of the Star t. Say, 
As the Sine of P& = 67® : 46”: 3'!, co, ar. po — o. o335 504 
Is to the Sine of 9 C = 350 1 — 9.9181532 
80 is the Sine of * C2 0 03 — — | nary 9-9934181 
To the Sine of ? PZ = 61 :47: 56 . — 99451217 


— of 61 : 47: 56 is 28˙: 1210: 4'' = 77, the Right Aſcenſion 
requir . | 


PROB. 2. 


Given the Right Afcenfion r# = 28® : 12“: : 4/' (of the ſame Star), and Declination 
thereof = 220: 13's 57", and Obliquity of the Ecliptick #r = 23® : 29/, to find its 
Latitude and Longitude. | | 

1. Having drawn the Primitive Circle Hz BN, and alſo the Equinoctial # æ, Equinoc- 
tial Colure Pr S, and Ecliptick gz 7 , as in the laſt Fig. Then, 

2. FROM r, ſet off the Right Aſcenſion 289: 12': 4// tot, and through the Point ? draw 
| PS, upon which from ? ſet off the Star's Declination 22® : 13': 57“ to , through which 

draw the Circle of Longitude C+x, which will make the Oblique-angled Triangle PC x, 
where you have given PC = 23 29, Px = 679 : 467: 3” (the Complement of the Star's 
Declination), and the Angle + PC = 7 the Supplement of t = 2189 : 127 : 4”, to 
find C, which is the Complement of the Latitude of the Star; and Angle PC = S 9, 
whoſe Complement is 7 g, the Longitude of the Star from the Beginning or firſt Point of 7. 
This being but the Reverſe of Prob. 1. the Reader may excuſe ſaying any more about it. 


TROY + 


Given the Meridian Altitude of an unknown Star or Planet, and its Diſtance from a known | 
Star, to find the unknown Star's Right Aſcenſion, Declination, Longitude and Latitude. 


u K AMPLE 


Suppoſe the Meridian Altitude of Regulus, or the Lyon's Heart, was found to be 519 : 
8': 50%, and its Diſtance from Arcturus 59* : 46! : 50”, in Antecedence ; I demand the 
icht Aſcenſion, Declination, Longitude and Latitude of the Lyon's Heart, the Right Aſcen- 

hon of Arcturus being then 210% 22/ : 30”, and Declination 20%: 49% N 


I, 


a Meridian Z O NH, the Horizon HO, and at Right Angles to it the Prime 


2. SET off the Latitude of the Place of Obſervation 51® : 28* : 30“ from O to P, and 
the ſame from Z to A, and draw the Axis PS, and Equater A Q, © 


3. SET. 
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3. Ser off 51: 58“: 50", the Meridian Altitude of Regulus, from H to R; and about 
the Point R, or Place of Regulus, as a Pole, deſcribe the ſmall Circle 6c, at the Diſtance of 
59: 467: 505 equal to the Diſtance between the two Stars. 

4. ABoUr the Pole P, deſcribe the ſmall Circle xy, at the Diſtance of Arcturus from the 
Pole equal to 69“: 115 and this wil interſect the Cirele be, in the Point g, and that is the 
Place of Arcturus. 

5. THROUGH 9, and the Poles PS, draw the Circle of Right Aſcenſion (oF Hour-Circle) 
P98, and ai R, e, n, the great Cirele Ry n, and the Thing i is * 


* a. £ 
RE n 


1. To find the Declination of Regulus. fn 7 
From the Meridian Altitude HR = — 519 : 58“: go" 
Take the Complement of the Latitude of the Place — 38 31: 30 
Remains the Declination of Regulus North —— i 13 : 27 : 20 
The Complement of which i is RP = the Star's Diſtance from the 


North-Pole — b 8 
2. To find the Difference of the Right Aſcenſions of theſe two Stars, viz. the Angle R Pg, 
the Meaſure of which Ap, you have in the Oblique-angled Triangle RP g, the Pa 
Ry =9700-: 20%; ao” EE 
SO *: col 3 inver 


Pg 2 N 

T The Natural Verſed Sine — Re = 592: 46“: 500 is — | 4966867 

Natural Verſed Sine of Rp —Pg =7* ; 21': 40” ſubſt, — 82417 
Remains 8 5 1 | 4884450 

The Logar. of which, more twice Radius 1 is — — 29˙6888150 
Logarithmic Sine of RP 76 321 40% — — 9. 9.987122 

1 Logar. Sine of PY = 60 : 11 : 00 hw a 9. 9706826 
| Sum ſubſtract. | — F — | — | 199585948 
Remains the Log. V. S. at MY Ap = 62? : 26“: 19" 3 9.7 302208 

R. A. of Arctu us — 290 : 2a: 30 a , 

The Difference is — — 147 : 56 : 11 for the R. A. of the Lyons 

eart. | | | 2 


The 
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The Declination of Regulus being — 7 K 
And its R. A. 4 „ 


You may by theſe find the Lu. and Latitude thereof, as follows : 


The Stereographic Solution. 


T. ar the Primitive Cirele, or Solſtitial Colure HZ ON, and quarter it it with the Prime 
Vertical Z N, and Horizon HO. 
2. Ser the Latitude of the Place (ſuppoſe 519: 25 from O to P, then draw che Axis PS, 
and at Right An ngles thereto a, ©, for the Equi 
From 180%, take 147: 56/: 11, and there wilt remain 32“: 35 149 Take the 
25 angent thereof in your Compaſſes, and ſet that off upon the Laine from r to x, 
and thro" x Fo ow PxsS. 
4. Tur Declination of Regulus being 13* : 25“: 20” North, ſet chat upon P 8, from 
9 R | 
Tax x the Obliquity of the Ecliptick 230: £9/ in your Compaſſes, (out of the Line of 
erde) and and lay that on Ne Private Cine FE Orb», and from 8 to t, and through +, 
and p, e, draw the great Circle p & 1, and 'tis done; and the Angle a þ & is the Longitude 
0 of To and FR) is as * of the Latitude. 


By Calculation. — 


In the Oblique-angled Triangle *Pp ou have given, 3 7 1 
f. The: Complement of the Star's Declina on! * = — . 32˙: 40. $ 
2 The Obſiquity of the Ecliptick PG LES Ber Her 
3 Included Angie v Pg = e A ES 199 e 49 


N 


To find the Angles P *þ, and Pp ; which you may attain by a Rule given at Cafe * 4th, 
of Oblique-angled Spherical Triangles. Thus, 


B b | 8 1. As 
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1. As the 8. c. of half the Sum of the Sides 500 0O/.: 500, co. an. — ' ©:1920589 
Is to the S. c. of half their Difference 26 : 31 158 — — 9.951676 
So is che T. c. of hlaf the included Angle 61 : 1 : 54 — 9.743185 

To the Tangent of half Pp ＋ PAO 37 37 25 — — 9:8869193 

2. As the Sine of half the Sum of the Sides 50? 2 00 : go”, co. ar. — . 11 56578 
Is to the Sine of half their Difference 26 : 31 : 50 9 
So is the T. c. of half A : 1 25 — 9.743185) 


To the Tangent of half the Difference . 2 os 
{ of the other two Angles way * 17 53 5 e | 9.508835 


2 


| Half the Sum of the other two Angles was found bh. 370 370 123 
HFalf their Difference — — — — 17 531 
The Sum of theſe is the Angle Pp x = 3 "1 BY 30 35 2 
Ang vir mn the "gs Fu —— 19 115 J 


3 To find the Cohapledent of the Star's Latitude p. Say, 
As the Sine of the Angle at Rx 19? : 44': 15, o. ar. 


ng 04714543 
Is to the Sine of the Side Pp = — 23 :29:0 — — 9. a1 
do is the Sine of the Angle Pk 57 : 56 11 — 9. 92871 8 
To the Sine of the Comp. of Lat. p * = e — 79998 
Hence the Latitude of Regulus is 2 — a 
And its — —_— —— — A : 20: 36 


PRO B. 4. 


GI1veN the Latitude of the Place, the buy of the Month, and 4 Altitude of a known Star, 


together with its Right Aſcenſion and Declination, to find the Hour of the Night and Azi- 
muth of the Star. 


„ LE 


In the Latitude of 52® : 207, upon April the OY! the Altitude of Arcturus was found to be 
50% oo; I demand the Hour of the Night and the Azimuth of the Star, its Right Aſcen- 
fion being then 2 211* : 00' = 14: 4, and Declination 20% 32”. North. 


The Stereographic Solution. | 


. Having drawn the Primitive Circle A Z h N, and quarter'd it with the Horizon Hh, 
4 Prime Vertical Z N, take 52*: 207 in your Compaſles out of the Line of Chords, whoſe 
Radius is equal to r H, and ſet that from /'to P, and from Z to æ, and then draw P'S for 
the Axis, and &, æ, for the Equinoctial. 


2. DRAW 
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2. DRA the Parallel of Altitude 9 u t, at the Diſtance of 50 o = 'v* from the Ho- 
rizon Hh, and the Parallel of Declination x  y 20? : 32 from the Equinoctial (on the North 
Side thereof,) and theſe two Parallels will interſect in the Point +, which is its Place at 

t Time. | | | | 
”y THROUGH , and the Poles P and 8, draw the Hour-Circle P 8, and through the 
fame Point and Zenith and Nadir, draw the Azimuth Circle Z & N, and tis done. 


By Calculation. 


1. Find the Time when Arcturus will be upon the South Part of the Meridian, by ſub- 
ſtracting the Right Aſcenſion of the Sun from his Right Aſcenſion. Thus, | 


The given R. A. of Arcturus was — — 14*: 4 00"? 

The R. A. of © that Day was — — 2: 23 1.00 ; 

Then the Time of the Southing of Arcturus is — ee M. 
2. Ix the Oblique- angled Triangle P Z, you have | 

The Complement of the Latitude of the Place P Z = — m 3740 

The Complement of the Star's Altitude Z + = = 40 : 00 


And Complement of its Declination Pν —= 60 : 28 


To find the Horary Angle Z P which you may do, by a Rule given at the 11th Caſe 
of Oblique-angled Spherical Triangles. Thus, | 58 | 


P = 600: 28” Ace: | 

pr = ” a c co. ar. of Sine of 69® : 280 — 9922 o. oꝛ8 5069 
Differ. 31 : 48 «0. ar. of Sine of 37 40 — — 0. 2130174 

2 Dif. is 15 : 54 5 Sine of 35 : 54 — _ 9.7081735 

72 is 20 00 $ Sine of 4 : ob __ 95 9.584200 
fu 37 :46 3. — © — — . 18.864882 
Differ. 4 06 : Half the Sum is the Sine of 159: 42/ = 


— SR" 


— — 


Havins thus found the Horary Angle, then becauſe the Star is ſuppoſed to be in the Faſtern 
Hemiſphere, ſubſt. it from the Time of its Southing, and there will remain qu: 25/ : 24” 
P. M. for the Time of Obſervation. e | N 


To find the Azimuth of Arcturus, or the Angle / 3" 
You have now the Horary Angle ZP = 3159: 24 


And its oppoſite Side Z x = — - 40 : 00 g 
Together with the Side P = — 69 : 28 ) 
THEN, As the Sine of Z x = 409 oo, co. ar. — — 0.7019325 
Is to the Sine of ZP* = 31 : 24 — — 9.716848 
So is the Sine of Pk = 69 : 28 —— — 9.97 14931 


— 09.8802714 


To the Sine of the Azimuth of Arcturus x Z& 49: 22 = 
Or S. E. + 4* 2 22 Eaſterly. 


Bb 2 S VN. B. 
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N. B. Tu Ar if the Star had been in the Weſtern Hemiſphere at che Time of Obſervation, 
then you muſt have added the Horary Angle to the Time of the Star's Southing, and you 
would have had 13" : 360: 36", for the Time of Obſervation. | 


PR E B. 5. 
Given the Latitude of the Place, the Da of the Month, and Righ ht Aſcenſion 3 Decli- 
nation of a Star, to find its Amplitude, the ime of its * and 8, and Continuance 


above, or below the Horizon. 


BR A MP. 4 E. 


LET it be — bt to find the 8 Time of Rifng, Setting, Sc. of Arcturus, at 
London ; whoſe Latitude is ue” : 32 North, upon April 20th, 1743 | 


be Stereographic Projection. 


. Draw the Primitive Circle H Z N, the Horizon H +, and Prime Vertical Z N; + then 
take the Latitude of the Place 51* : 32/ in your Compaſſes out of the Line of Chords, and 
ſet that from þ to P, and from Z to æ, and draw & & for the Equinoctial, and PS for the 
Axis of the World. 

2. Draw the Parallel of the Star's Declination x * , at the Diſtance of 200: 22/ from 
the EquinoGtial ; and where it cuts the Horizon, as at * , there the Star is at his ing or 


Settin 
4g, TANTO P and 8, draw the Horary Circle Pg 8, and tis done. By 
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2 


By Calculation. 


Is the Rigtit-angled Triangle 1g, you hw the Angle * 72 = 380 : 28, being the Com- 
plement of the 1 and alſo the N of the Star *g = 20: * . 


To: find its Anplitade, 
As the Sine of gr * = 38® : 28' — — 9.7938317 
Is to the Sine of the Declination T3 = 20? 3 8 9.54505 
0 1s dius — — — — 10. | 
To the Sine of the Awplitude requir'd 34: 19 — 9. 7511688 


Tris is North, becauſe the Declination is ſo ; for the Declination and Amplitude of the 
dun, or any Star, are always of the ſame Denomination. 


To find the Aſcenſional Difference rg. 


Sar, Ab the Tangent of the Angle # rg = 389 : 28' — 90000866 
| Is to the Tan ent of * 4 2 20° * 5— 9-5735074 
To the Sine of the Aſcenſional Difference rg = 280: 8/ — 97734209 


To 


* * W 


" 4 R Ids at. RO N 
ä 
9 8 5, e 4 * 
* 4 I * 
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To which add — . n | 
The Sum is — 118 : 8 in Time is : 52“: 320 


And this is half the Time of the Star's Continuance above the Horizon. The Time of the 
 Southing (as at the laſt Prob.) was at tx: 3x": 00” PE 
To which add 7 : 52 : 32 


— A 


The Sum is the Time of Setting — Ig 23: 32 


That is 23 Minutes and 32 Seconds after Seven in the Morning of the 21ſt Day of April. 


Subſtract the ſame from the Time of Southing, and you'll have the Time of the Star's 
Riſing, vis. 3" : 38“: 28” ;-that-is, 38 Minutes and 28 Seconds after Three in the Morning 
of the given Day. SEN EN ns 


Sees eee see 


* .o 1 „ Py /Þ » } , * 
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CHAP. XVI 


To draw the Ecliptic upon the Plane of the Meridian for any 
_ given Time or Place. 


2" HIS is of great Uſe to thoſe who would calculate an Eclipſe of the Sun, or delineate a 
L Type of an Eclipſe of the Moon; becaufe in either to know the Altitude of the Non- 
geſſima 1 or higheſt Point of the Ecliptick, the Meridian-Angle, Fc. (as farther on) is 
abſolutely neceſſary; and is mòſt agreeable td the cæleſtial Phænomena in the fecond. 
Wren I have been about ſuch Work, and had found the apparent Time of the true 
Ecliptic, Conjunction or Oppoſition of the Luminaries, the Place of the Sun and his Right 
Aſcenſion, and by theſe the R. A. of M. C. or Medium Cœli; I have been at a Loſs to know 
how to project that Part of the Ecliptic, which I was to uſe in its due Poſition, without 
looking upon a Globe; which not being always at hand, put me upon thinking of ſome way 
of doing it, that might be the moſt eaſy and ready; and that at an Eclipſe, of the Moon, by 
knowing the Longitude and Latitude of any other Planet or fixed Star, to find if it is above 
or below the Horizon ; and if above, to find whereabouts in the Heavens to look for it, 4 
if the Eye was placed in the Center of a Sphere of Glaſs, having the Planets and fixed Star 
painted upon it. e | 
Ix order to do this, the firſt Way that offer d was to divide the Sphere into two Hemi- 
ſpheres, like thoſe uſed in Geography, upon which the World is drawn ; with this Difference, 
that whereas thoſe join or touch one another where the Meridian . interſects the Equator, 
from which Point the Longitude of Places are reckoned ; theſe join or touch at the Inter- 
ſection of the Meridian and Horizon, from whence you may count the Azimuth of the Sun, 
Moon or Stars, and muſt be. held between you and the South Part of the Meridian as neal 


as you can, when you compare what you have put upon the Projection with their Correſpon- 
.dents in the Heavens. | | 7 


—— / _ 
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Tas Way is thus: Having found the apparent Time of the Ecliptic Conjunction or Oppo- 
ſition of the Sun and Moon, reduce it into Degrees of the Equinoctial; to which add the 
Right Aſcenſion of the Sun, and the Sum is the R. A. of M. C. or Point of the Ecliptic 
then upon the Meridian; which being known, and the Equinoctial drawn in each Hemiſphere, 
according to the Latitude of the Place, the next Thing to be done is to draw the Ecliptick, 
or that half of it that is moſt proper for your Purpoſe, and this will admit of Four Varieties; 
each Figure (as aboveſaid) is compoſed of two Hemiſpheres, the better to ſee whereabouts all 
the Signs of the Zodiac are, whieh are above or below the Horizon, and which are Riſing, 
Culminating and Setting, c. That on the Left-hand, I call the Eaſtern Hemiſphere, and 
that on the Right-Hand, the Weſtern; the Primitive Circle (which here repreſents the Meri- 
dian) being as it were ſplit into · two Meridians (tho' both are underſtood to be the ſame Me- 
ridian) each containing one Hemiſphere. ; | 

1. Note, THAT if the R. A. of the M. C. be juſt go Degrees, then the Ecliptick becomes a 
Right Circle; to draw which, you muſt take 230: 29' in your Compaſſes from a Line of 
Chords, and lay off that Extent upon the Meridian from the Equinoctial at 2 to S in both 
Hemiſpheres (if you pleaſe), and then the Point gs will be the M. C. and Nonageſſima Degree, 
- its —— will be 723: From , and thro' the Center at O, draw = hy, for the 
.CLIPt1CK, f : ; 


2. Ir the R. A. of M. C. be 270 Degrees, then alſo the Ecliptick will be a Right Circle; 
to draw which, you muſt by your Line of Chords ſet 23“: 29“ upon the Meridian from æ, 
downwards to , and thence thro' the Center at O, draw v S for the Ecliptick, the Point: 
Vis both the M. C. and Nonageſſima Degree, and their Altitude is i yy. See the next Fig. 


by D n A "Ry ö 4 
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3 Ir the R. A. of M. C. be juſt 180 Degrees, then the Ecliptick wilt be an Oblique Cr. 
cle; and, to draw it, you muſt, -—- aa "Ci 1 3 | 
8 ) SET the Complement of the Latitude of the Place from f to , and from þ tor. 
and through theſe Points draw er for the Equinoctial, and croſs it at Right Angles with 8 Pp. 
JJ RENE. I.E... NR TE e * 
(I..) Ta kx the Secant of 66e: LY in your Compaſſes, and ſetting one Foot in & turn 
the other about, until it fall upon the Axis SP produced above P, in the-Eaſtern Hemiſphere, 
_—_ RY S in the Weſtern, and where it reſts is the Center of half the Ecliptick, upon 
which deſcribe it. | JE 8 


HxRE the Point & is the M. C. and t its Altitude; » is the Nonageſſima Degree, and 
wn its Altitude. 55 „355 | 

(3.) In the Triangle & zz, you have given the Latitude of the Place x a, ſuppoſe of 
London 519: 32“, and Angle x & = 669 : 31 (the Complement of the Sun's greateſt De- 
clination, which is now the Meridian Angle), to find zz the Diftance of the Nonageſſima De- 
gree from the Zenith, and An the Diſtance of the Nonage//ima Degree from M. C. 

(4.) Ir the R. A. of M. C. be juſt 360 Degrees, then alſo the Eliptick will be an Oblique 
ORs and to project it, draw the Primitive Circle, the Horizon, Equinoctial and Axis, as 

before. * 

Fux take the Secant of 660: 31 in your Compaſſes, and ſet one Foot in v, and turn 
the other about until it falls on the Axis PS, produced below 5 in the: Eaſtern Hemiſphere, 
and above P in the Weſtern; ſo will you have the Centers g and g, upon each with the ame 


Extent of your Compaſſes draw the Ecliptick in each Hemiſphere, as under. 
: 2 | : ; = oe 
EE OW.” OE ĩ i - BR 
A 1 1 1 
* 3 
— N 
* 


% * 2 | IN 
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I this Figure 27 is the Diſtance of the Nenageſſima Degree from the Zenith, and : its 
Altitude; A its Diſtance from the M. C. zr the Meridian Angle = 66* : 315 and x 7 
the Latitude of the Place. | | 


Now, to go on, I have made choice of four different R. A's. of the M. C. and thoſe, 
with the four following Figures, will be ſufficient to inform the Learner, how to proceed, 
when the R. A. of M. C. is any other Number of Degrees, Sc. "Or 


N 
S 30 
. | | T AQ ; 150 | 
Varieties ; . the R. A of M. C. is ws Degrees. 
4) 1330 


Tux, when you have drawn the Primitive Circles for each Variety, and quarter'd them 
with the Horizon Y, and Prime Vertical Z n]; from the South Point of the Horizon (or 
Point of Contact at z,) ſet the Complement of the Latitude of the Place to æ, and thence 
through the Center at ©, draw the Diameters #©4, and æ Od, for the Equinoctial ; through 
two Points of which the Ecliptick muſt paſs, one of them is the Equinoctial Poinr of r, which 
will fall upon the Meridian at ⁊, when the R. A. of M. C. is 360, or 24 Hours; but, at 
any other time, except when it is 90? : 270%, or 180, it will fall in the firſt, ſecond, third 
or fourth Quarter of the Equinoctial, as they are number'd upon the Equinoctial ; but, to 
know in which Hemiſphere, and what Quarter of the Equinoctial this Point will fall, ob- 
ſerve what follows. N ” W HS. | 


To iind the Equinoctial Point of v and =, according to the four 
0 b l. nfs 7-24; 111 113 MOINES BODE. 6 re j 


V. n A 48-3 


Wren the R. A. of M. C. is 30%, take the Half-Tangent of 609 in your Compaſſes, and 
ſet it from O (towards æ) to r, in the firſt Quarter of the Equinoctial in the Weſtern Hemi- 
ſphere ; and from © (towards d) to , in the Eaſtern Hemiſphere ; and theſe are Equinoc- 
tial Points requir d. Do the like, when the R. A. of M. C. is any thing under 90“. 


' 


VARIETY 
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F 


Wur., the R. A. of M. C. is 1500, take oe out of 150, and there will remain 60. 
Take the Half. Tangent of 600 in your Compaſſes, and ſet that from © (toward g) to r, in 
the Weſtern Hemiſ ; and from © (tomerde 2) w , in d Extern Hemilhbere ; and 
the like when the R. A. of M. C. is any thing above 90, and under 180˙. 


VARIETY 3 


. Warn the R. A. of M. C. is 210% take 180 out of it, and there will remain 300 = 
dr, whoſe Complement is Or = 609 the Half-Tangent of which ſet from © (towards d) 
to r, in the Eaſtern Hemiſphere ; and from © (towards ) to a, in the Weſtern z and the 
like when R. A. of M. C. is above 1809, and under 270*. | 0 


. 2 
CT 5 5 
ts a F OY - 
, FS./ 


r 


Wurn the R. A. of M. C. is 330%, take 270 out of it, and there will remain 600 = 
.Or ; take the Half-Tangent of 60® in your Compaſſes, and ſet it gow © (towards æ) tor, 
In the Eaftern Hemiſphere ; and from © (towards 9) to , in the Weſtern Hemiſphere ; ſo 


have you the Equinoctial Points requir'd ; and the like, when the R. A. of M. C. is above 
2709, and under 3060. | 


_ 


% 


To find the Poſition of the E cliptick D This admits of t200 Caſes. 
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Wurn the R. A. of M. C. is under 180%, the Ecliptick will interſect the South Part of 
the Meridian between the Equinoctial and Zenith. | | 


Cale 2. 
Wurm the R. A. of M. C. is more chan 180*, then the Ecliptick win interſect the South 
Part of the Meridian between the Kquinoctial and Horizon. 


Tax Equinoctial Points being found, the Ecliptick may be drawn, as directed at the third 
Cie of the ſecond Prob. of Chap. 11. which you may take again, as under. 


4 draw the EUBBrck. 


Taxz the Tangent of ze“ = rr d& (/ariety r.) in your Compaſſes, and ſet that Ex- 
tent from the Center of the Meridian (er Primitive Circle) at © to a, in each Hemiſphere ; 
then upon the Point @ ere a x, perpendicular to the Equinoctial, and makings: a= <> a, 
Radius, off the Tangent of 66® : 31! (the Complement of 23? : 29/, the Obliquity 
of the Ecliptick) from 4 to g, upon the Line ax; this Point g, is the Center of the Eclip- 
tick, and gr, or ga, the Radius; then ſet one Foot of your Compaſſes in g, and extend 
the other to r, or , and draw the Ecliptick, in either or both the Hemiſpheres, as Occa- 
hon may require. | 


Now, whether the Center of that Part of the Ecliptick, that you are to uſe, fall above or 
below the Horizon, you may know by looking upon one of the Figures following, viz. that 
which agrees neareſt to R. A. of M. C. for the Time you are working for. 


Havins drawn the Parts of the Ecliptick in each Hemiſphere, you may find the Poles at 
Ps, and by them divide each Part into Signs; as in the next Figure, e. 


Ce 2 VARIETY 
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VARIETY r. R. A. of M. C. 30 Degrecs. 


A 


Wan the R. A. of M. C. is 30 Degrees, or any Thing under 90 "NY this Figure 
may be ſufficient to work with, if you let r & repreſent the R. A of M. C. then will þ re- 
reſent the Place of M. C. in 'the Ecliptick, and 49 its Declination North; rb @ is the 


eridian Angle = zbv; v repreſents the Nonageſſima Degree, and vn its Altitude, vô re- 
preſents the Diſtance of the Nonageſſi ma Degree from the * C. which, in this W muſt 


be added to the Place of N. HITTER 4 Fas . 
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Tunis Figure will be of uſe, when the R. A. of M. C. is any thing above go Degrees, and 
under 180 Degrees, take it out of 180 Deg. then let the Remainder be repreſented by 
re, whoſe Supplement is &; then in the Right angled Triangle Oh, you'll have Aæ, 
and the conſtant Angle b-> 23: 29', to find 

I, The Side Y , which take from fix and the Remainder will be 76 ; b is the Place 

of the M. C. in the Ecliptick. 

2. The Declination of M. C. = b 2. T 

3. The Meridian Angle b ZU. Nowi in the Triangle 2 U , you will have 2 b, 

and 2⁊ Uv, to find 

4. The Side bv, which is the Diſtance of the Ie Degree from the M. C. and muſt 
_ ſubſtracted from the Place of *. C. and you'll have the Place of the Nonageſi na 
0 gree at v. | 

5. The vide Sv, whoſe Complement i is UX, is the Altitude of the Nai ma Degree. 


VARIETY 
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VARIETY z. RA. of MC. 210. 


N 
— 


A* 
% 


Tuts Figure may ſerve when the R. J. of M. C. is above 180 Deg, and under * Deg. 
take 180® out of it, and the Remainder may be repreſented by ; then in the Triangle 
> be, you'll have & 4, and the Angle B = 23* : 29/, to find the Declination of A. C. 
South; which add to z, the Latitude = 5r* : 32', and the Sum will be the Diftance of 
AV. C. from the Zenith = z b. The Meridian Angle is a b, and the Side ha, added to 
ſix Signs will be the Place of MA. C. in the Ecliptick, at +; then in the Triangle 2 ö v, you'll 
have zZbv and 26, to find by and zv, whoſe Complement is vm = the Altitude of the 
Nemageſſima Degree. | DIG 


— | | VARIETY 


Of ASTRONOMY: 


VARIETY 4 R. A. of M. C. 330 Deg. 


0 . | 
15 
. 
G % 


Tunis Figure may ferve when the R. A. of M. C. is more than 250?, and under 360: 
Then what it wants of 3609, may be repreſented 2 So in the Triangle 7 £5, you'll 
have ræ, and the Angle rb, to find -b ; which take out of twelve Signs, and what remains 
will be the Place of 24. C. in the Ecliptick at 5. The Declination of M. C. is eb, and Diſ- 
tance from the Zenith zb; the Meridian Angle is 2b» : By theſe you may find the Diſtance 
of the Nonageſſima Degree at v, from the M. C. at b; and vm the Altitude of the Nonageſſima 
Degree, being the Complement of z v. Thus, 5 

If the R. 4. of M. C. was 330% then 360 — 330 = 30 = 72, &c. 


ALTHOUGH what has been ſaid, under the Figures of each Variety, may be ſufficient for 
ſome; yet, perhaps, ethers may not underſtand my Meaning ſo well, without being farther 
informed: To this End, I have aſſumed Right Aſcenſions of M. C. different from thoſe 
given at each Variety, to ſhew that the ſame Figures of any of the Varieties may ferve under 
luch and ſuch Limitations, without being obliged to draw a new one for every Caſe that 
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LET the apparent Time of an Ecliptick Conjunction by 1* : 35“: 277, 
this in Degrees of the Equinoctial is ; N 

Let the Sun's Place at the ame Time be X : 11“: 5“: 13“, then 
his Right Aſcenſion will be — — — — — — — — : 


The Sum want, $80-.is the R. 4. of A.. = 6 :25; 7 
THrrs being under go?, ſhews it to be the firſt Variety; and tho' ræ in that F igure is 300 
yet now we may call it 6* 25“: 2“; by which, and the Angle , we ſhall find E 
1. The Side 10 = 6: 775 the Place of M. C. in the Ecliptick l 597 
2. The Declination of 4. C. North = 4 "= 


Take this from the Latitude of London = X = 2 | 51 . 3 
And the Remainder is the Diſtance of M. C. a Zenith = Y = — 48 4 5 

3. The Meridian Angle æ ο =zbu —— — 66 2 41 
No , in the Triangle 2 ) v, you have the Meridian Angle 2 à v, and Side 2 5; by theſe 


you will find 5% = 24: 17% which add to the Place of M. C. in the 
the Sun will be the Place of the Nonageſſima Degree | 
The Sun's Place fubftract- einen ——ẽV „ 
Remains the Diſtance of the Sun from the Nonageſſima Degree 1: 20: 10: 5 
4. The Side 2 = 43“: 40 whoſe Complement is the Altitude of | WY 7 
the Nonageſſima Degree = ::: — — — — — 46 : 20 


Ecliptick at , and 
12 167 


E K AMYLIN + 


LE the apparent Time of an Eclip. Conjunction be 5: 187: 19“ in Deg. 0. 04% 440 
The Sun's true Place at that Time n: 1*®: 38” : 12'7, and R. A. add aut - : 4 1 
The Sum is the R. A. of M. C. — — — — 9 : 5:4 

This being above 90%, and under 180%, ſhews that it is of the ſecond Faria. Where, in 
that Figure, 7 @ is 150 Degrees; but, in this Caſe, we will call it 1390: 5/ : 45“%/: Take 
this from 180, remain. 40? : 54/ : 15 = a &, &c. See the ſecond Variety, 


— — 


Tuxsk two Examples, together with what is ſaid under the F igures of the Third and 
Fourth Varicties, will be enough to know how to find the Requiſites in any Caſe. 


HAvinG thus found the Diſtance of the Sun from the Nenageſſima Degree, and the Altitude 
of the Nonageſſimal Degree, together with the Horizontal Parallax of the Moon from the Sun, 
the next Buſineſs will be to find the Parallax of the Moon, both in Longitude and Latitude; 
and having Examples of this by Street's Logiſtical Logarithms, in other Places of this Bock, 
you may do it by SHhaterly's. Thus, | 12 | | 


To find the Parallax of Longitude. 


App together the Logiſtical Logarithm of the Horizontal Parallax of the Moon from the 
Sun, the Sine of the Altitude of the Nonage/ſima Degree, and the Sine of the Diſtance of the 


Sun from the Nonageſſima Degree; the Sum, ſubſtractin double the Radius, is the Logiſtical 
Logarithm of the Parallax in Lon zitude. a - 7 Log 
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To find the Parallax of Latitude. 


App the Logiſtical Logarithm of the Horizontal Parallax of the Moon, from the Sun to 


the Co- ſine of the Altitude of the Nonageſ/ima Degree, the Sum is the Logiſtical Logarithm of 
the Parallax of Latitude. 


4. 4 ; 


Note, THAT a Figure may be drawn for any one of the Varieties, by Hand upon a Slate, 
or Piece of Paper, after you have by one of the foregoing Caſes found, whether the Eclip- 
tick will cut the South Part of the Meridian, above or below the Equinoctial; if you begin 
to count the R. A. of M. C. from æ in the Weſtern Hemiſphere, down towards 7; and fo 
upon Occaſion (i. e. if it be more than 110®) up from d towards æ, in the Eaſtern Hemi- 
ſphere ; then you will have the equinoctial Point of /, in that Quarter of the Equinoctial 
where your Count terminates : The equinoctial Point of , will be in the oppoſite Quarter. 
This being done, the Ecliptick maybe drawn, and. the Triangle form'd, c. Now, though 
this be but Gueſs-Work, as being drawn without Scale or Compaſſes, yet a Figure thus made 
will be ſufficient to inform where to find the Requiſites ; as well as one drawn more exact. 


Note alſo, ThAr the Nonageſſima Degree is always in that Hemiſphere, in which the convex 
Side of the Ecliptick is towards the Zenith ; as in the Eaſtern Part of Yariety the firſt, the 
Weſtern Hemiſphere of the ſecond Variety, the Weſtern Hemiſphere of the third Variety, and. 
Eaſtern Hemiſphere of the fourth — 
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According to the laſt Improvement of 0 | 


The Newtonian Theory. 


By which may be found their true PLACES 
TIME, and alſo their ECLIPSES. 
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Found by 


the Sun's Place. 


* 
4 


e Equation of Time : 


Add to the equal, or ſubſtrat | 
from the apparent Time. 1 * 


| ©in 


y:-v:nm: 7 © in] 
17:7 15 HI 7 " 4-6: 
oo: of 8: 24 3: 46) 30 
1 o: 2008: 35|8: 360 2 
21: 40 8: 45 8: 25] 28 | 
31: 08: 5418: 14] 27 
1: 2019: Ns : 1-26 
+5 4 2.5.49 $+ T0] 7.5. 4 33.0 
| 6|1: 599: 1807: 35] 24 | 
712: 1809: 25] 7 : 21] 23 
1812: 3719: 31] 7: x7” 
| 9|2: 5719: 366: $1] 21 
10 | 3: 1609: 416: 35] 20 
113: 3419: 45|6: 19] 1 
12 | 3: 53 9: 496: | I 
134: 1109: 55 45] 17 | 
144: 2919: 53} 5: 27] 16] 
1154479 5505 915 
1165: 49 5/4 514 
11215: 21} 9+ 54 3 13 | 
1185: 380 9: 544: 12] 12 
1195: 549: 52] 3: 52] 11 
20 6: 100 9: 5o[ 3: 32] 10 | 
21 16: 2609: 47] 3: 12 9 
22 8 48>: 57 81 
23 16: 59 38,2 30 7 
24 |7: 109: 332: 6| 
33 11-24 95. 43 3- 7-3 
26 7 3619: 2011: 21] 4| 
(2212-499: "3 $I. 3 
| 28 | 8: 119: 50: 43] 2 
298: 1308: 5600: 22] 1 
30 $: 24 8: 46 o: o of 
| 1-4 *. HS te 44-4 . F 
1 . Fat 1 $1 & | 
©inſx Mf: a=: Wein). 


1 
Subſtract from the equal Time, 
or add to the apparent. | 
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— Mean 5 20 
. Anom. © * . © 
. u 
„ 1.1 | Sur >? 
2 — 2 . * s 0% % % 0s ©» IV | 
— | hn; _ g | 9 jay | 1 i 1 
S Sj *i= | I] A a4 * 
8 89 ** ; 06; er % e e 4% % „0 Ty 0 1 2 SS - $0 98. - 6g + 7 1 * 
8 8 = 15 — 2 oon TTT 1 | 5 1 
RO —ä4— DDr SAT Ss 
bus * | . Py ©» | % % „ 0 9 9 © 5&6 „% „% „ . 6s % % #: LK 4% %% $8 +v* | — 0 a6 235 © 0s 2 „% 08 $68 os F E. —— UV . 
12 * 25 r Pr 1 
21 bt np Ni KS NSS DI = 281785 | 
2 <|E 8. ws ED 85 . => 7 fs — — SAN Ina 8 0 > AM EY N | 188 
g . hw © : | v0 +00 „„ os „„ „„ oy Oo © 
; WY — „ „ e e. „% 00 565 oS$ 09 9» as 09 02 29 11 an. as ag 02 j EL Fa x95 3 1 
1 2 - E = [wo | oooLes|ornMrnho NTUNE $44 
8 p — — — 8 | 
5 k & 15 T | 5 A —— Q S iN Ha a QOtTT] i= || 
| Pal 0 4 * ©» „64 + 00-09 0» „„ | oe 0% 0» 99 os 2+ „% 00 0+, £9 ©. » 4 g N | 
LOS ay 2 [Sor ws] wnnnnſ wn nn 8 
= 7-2 2 15 S O Y SCT FF SN TT ) Fiz 
. 2E. 1248 ö 9 28 nach. YA SITH YT y _ 1 
„ — | . . © ® ce s 0 * os % „ 6 % e % 69 . 0 26% „ „ "I 9 " — } 
2 8 "OP G [ooo N N E 
| — (x, | 7 3 Ka | 1 F | Mean 
WO Mean o [ eee, Nr 0 : 
Ei | | | & <a «a N yt 
8 Anom. O | | "10 M EMH 0 | AQ . a Anom. © 
82 — e . | 
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A TABLE of the Sun's Mean Motion in Years. 


— Tor Years compleat. | | For Years of Enfer current, 
Wu — — eee : | E : - 5 # 2564 6 
| Years. | Years. Long. O. Om O 35 & 
3 F 1 
19 7 53 107 © o 40 
101 8 58 3010-29 1. © 
98 201 9 9 23 50 6 28 1 20 
B : aL. 1-9-..10:;.9-.:10: 0.--25.....1--40.. 
. 7 1 401 9 10 54 30/6 26 2 ol 
: 6 | 5019 11 39 50 6 25 2 
6019 12 25 100 6 24 2 
B 3 | zo0E £9. 13 10 o 2g 24 
| gar.1.9.-.13- 15 $06.6..-22-...3 
E | 9019 14 . Io] 6 2 1 
: 10019 15 26 3006 20 4 of 
B 1 11019 16 1x 50/6 19 4 20 
i 12019 16 57 10]6 18 4 40 
1 13019 17 42 30 6 17 5 0 
1 14019 18 27 5006 16 5 20 
150119 19 1 100 6 15 14 40 
275 4 9 19 $50 30% 6 14 65 e 
18 w21 1.9 20 7 346 13 54 24 
: 1641 | 9 20 16 38] 6 13. 42 28 
B — 1661 23 — 4216 13 30 12 
992 1681 | 9 20 34 46] 6 13 18 16 
2 17019 20 43 50% 6 13 6 20 
8 172119 20 52 546 12 54 24 
= 17229 20 38 16 12 39 „ 
200 17239 * 24 14] 6 12 23 38 
0 17249 20 9 54 6 12 8 150 
2 43 20 54 436 12 52 01 
2 17269 20 40 2306 12 36 38 
Cc I727.; 9 20 on. -- 2 6 12 21 15 
[_709 19 30 11 42;6 12 3.58 
_ — 
1729 | 9 6 
| — 1730 | 9 G 
1000 1731 9 
2000 | 1732 9 6 
3000 1233 9 6 
| 4000 17349 : 
5000 2735 9 
E e Fhe 
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1 The Sun's Mean Motion in Tears. 
Ne Long. ©. "Anom. ©. | | Years] Long. ©. ] Anom. O. 

ah 7 1 „ 0 NE Wl 17 1 "| 7 9 

1736 9 6 17749 a 2 6 

1737 | 9 1775] 9 20 47 49 6 

1738 | 9 $776 | 9 20 5 

1739 | 9 1777 | 9 21 * 

1740 | 9 | 1778 21 3 5709. 

17419 779 % 20 49 37S 

1742 | 9 1780 | 9g 20 35 6 

1743 | 9 1781 | y- IT. 20 6 

1744 | 9 17829 21 5 4996 

1745 | 9 1583 | 9 20 5 6 

1746 | 9 17849 20 37 606 

1747 19 1785 9 21 21 83 6 

1748 | 9 1786 2 7 35® 

1749 | 9 17879 20 53 1516 

1750 | 9 175889 20 38 55 6 

17519 1789 % 21 23 4 11 13 4 
17529 179090 21 9g 2 6 fr 2 

1753 | 9 1791 19 20 55 4/6 11 43 

1754 | 9 1792 20 40 446 11 27 

1755 9 17939 21 25 326 12 11 2 

1756 9 1994 | 9 21 11 12 6 11 56 

1757 19 179519 20 36. $4 © It 49 

1758 | 9 | 179619 20 42 33 6 11 25 

1759 | 9 17979 21 27 21 6 12 9 

1760 | 9 179819 21 13 16 171 53 
r761 9 41 6 11 38 
| 1762 9 2x! II 22 
117639 n $ 

1704 [9 b 50 6 11 51 

96s 2. 2 20 3 

1766 | * , 10 6 11 20 

170719 „„ 9 17:4. 1 
766 39 6 11 40 

709 7 10 6 11 33 37 
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1. £ The ITY 8 Mean "Noon Na and Days. *1} 
— a noma - Febrgary, 
642 7 4! 3 
f e Long. 98 Apo. O. j 1 ee be 184 
N * 9 AS 1 „ o / 77 ö 
; ; 8 7 ©. j--.7 17 7 * 7 / * /. 3 1 
E 1 2 37 0 
Fefe "on GS 91 38 i þ 2 1 ; I 
I 1 — 34 30 390 2 
Fr | C38 
| lo 3 56 WY 0 3 56 3 Ii * 4 40 3 | 
„„ uf . 1 5 28 560 4 
” AY | x: 6: 20 5 
60 5 54 500% 5 54 5 | 
CCC F 5 26 Sh . 
8[o z 33 Jo 72 53 | „ 4s wot 
[oſs 1 do 32 of | £4 tf 
| 10 10. 9 SE 23 Oo 9 51 22] | . 3 + 3. 
1 — 5 N 5 5 | 0 
ue u 9 3 e 17 26 2 E 
12 3} © IT - & 4 | * | | 
Izn310 12 45 400 12. 34 42 : +1 3 5 | 
2410 13 7 512 13.47. $3 I 15 20 17| 14 
i510 14 47 5] 0 14 47 . 
0 1 % % „. IFT 
x5 1 © 16 45 22 a 10 45 i 1 
1 9 1 44 38 0 3 x 1 19 16, 48 18 
e 1 43 36 19 10, 48 
= o 19 4 412 9 42 44 1. 3 57119 
R 2 4 2 
e 3 90 1 23 13 21] 22 
230 22 40 1200 oy 15 6 1 At I2 29| 23 
1 UN MY I3 2: 1 25, 1 39 24| 
25 | 0 24 3 28 0 wn BN. 24 n 
| a i 1 26 10 &5« 6 10 46 
o 5 37 311® 33 8-4-8 7 
o 2 36 45 0 41 FE 27 10 . 9 M 
o 27 35 5310 4 r 28 1 A 9 42 
o 4 0 5 1 29 20 1 9 uo 
0 2 4 10] o 34S £3 N Xe 
I * 1 181 1 r een. — eee 12 
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The Suns Mean Motion in Months and Days. 
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J The Sun's Mean Motion in Months and Days. | 
. .. £S {'7 
72. Long. on | . -Anom. O. 42 Long. ©. ] Anom. . 5 
1 h 87 F 1 77 = 8 _ 73 > g rr, 7 1 | a 
| i| 5. 29 5 29 22 46 |6 29 56 336 29 55 574 0 
1216 . r 2r e 0.55 $113 0 55 $. 2 
| F349." 1 gay © x, ar- r i oof 7 I 54 14| 2 
1-81 ©; hay ©; 2. 20 7 2 3 7 2 33 3 
Lee, e 3: 19.27. | 7:: 3. 53 7: 3.52 31 4] 

59% 4. 18 516 4 18 25 [7 4 52 1579 4 51 3] 5| 
4 55 a - $17 83-17 + 5 3 S 5 © 9Y 6 
205 1 % % 4 TE 
0ſ6 bis 6 $4 [7 8 M7 b 4 ud 
1158 N is 66 7. 9 47 5 — 47 x 
=» 3 6 10 13 14] | 7 10 47 5 7 10 46 26|11| 
11316 2 5 6 1x 12 22] [7 11 46 14 7 11 45 34] 12 
14] 12 12 46 12 11 31] |7 12 45 22]7 12 44 43 13 
56 23 11 146 13 10 3907 13 44 37 13 43 310 14 
1166, 14 10 1 9 47 7 14 43 380 7 14 52 58015 
1710 15 9 2946 15 8 55 [/ 15 42 47|7 15 42 7 16| 
186 „CCC ĩ ag 7 16 qr: 18 17 | 
196 17 6:17. 7 i 17.41 $7 7 40 298 
J20[6. 6 18 6 207 18 40 127 18. 39 32 19| 
216 19 6 2] 6 19 5 280 7 19 39 2 7 19. 38 40 20 
1226 20 5 1 6 20 4 36] 7 20 38 280 7 20 3/ 48027 
4 6 21 3 34 [T 21 37 317-21 36 56 22 
124 6 3 216 22 2 $2] [7 22 36 457 22 36 4| 23 
3 - 1 0 7 23 35 537 23 35 12} 24 
26 6 24 1 6 24 1 90 7 24 35 27 24 34 210 25 
27 25 o 526 25 o 17 |7 25 34 1007 25 33 29 25 
286 26 96 25 59 25 [7 26 33 18| 7 26 32 37 2 
1296 26 59 6. 26 58 33] |7 27 32 27/7 27 31 45 2 
| 30 F 57 41] | 7 28 31 357 28 30 33/29 
[31]6 2 57 251 6 28 56 491 1.7. 29.392 437 29 30 1 36 
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W "The 558 "= EY TY 30 "LE THT Digs” 7-1 
7 4 — 3 2 2 
31 — | — EEC DEE W 
72 Long. © | Long. ©.. | Anom O. 7 
"8 / | 5 Wl 97 5 
1 [10 r o 10 232 © 
210 2625 # £ IE 
30 1" 308: = 12 
4 [10 > > 3 
5 1 Ry 4 
6 10 5" 6'm x 
0 | e 
8 ſto 5 7 4 28] 7 
g 10 6-139; 9 
10 10 10 9 9 2 9 
11 10 10 27 45 10 1 52 10 
12 1e 27 5210 11 26 „ 18 
13 10 IL 26 a 0 12 
14 110 13 25 0 *3 30 171113. 
15 {IO Ie 14 2. 27 13 38 25] 14 
16 10 155 15 23 2 1 14 57 33015 
I 70. 16 16 22 2 56 42 16 
| 18 10 19 IF; 26" 16 55 50 19 
19 10 18 20 54 17 54 $8] 18 
20 ho 19 20- 18 54 ®| 19 
21 BO Te 19 19 53 14 20 
22 1% 21 21 18 r8| r 20 53 251 20 52 22027 
23 0 22 | 22 17 . 294 jI1 21 52 gail. 21 31 300 22 
24 %% 23 19 3210 23 16 3g| fl 22 51 4½T 22 50 39| 23 
25 10 24 16 . 49, 10 24 15 4g} |1T 23 50 11 23 49 47 24 
26 [10 25 15 19 % 25 25 14 57/ r 24 49 $91 24 48 55/25 
27 [10 26 24 57% 26 14 9 fr 25 49 7 25 48 3026 
28 [10 25 14 51 27 13 J fr 26 48 15/1 26 47 1127 
29 10 28 13 1410 28 12 160 [TT 27 47 241 27 46 19 28 
30 [0 29 12 2210 29 11 2 11 28 46 321 28 45 28 29 
I [17 @ 1 301 3 1120 45 arr £0 44 271 20 | 
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he Sun's Mean Motion in Hours, Minutes, Sc. 
| | Long. O. Anom. O. | Long. ©. | Arora O. 
VVV TTC 7: # 
f / JJ r , 3 TOE. 
nr m wn m un 1 Jn mum 9 mm. nf: 
"4 0- 2:00. 2: 28 n 16 23 1 16 
a0 „„ 521 18 51 1 18 
3, 77 UM n 
40 9 50 9 57/ 8-79 47 1 2 
5 0 12. 19] 0 12 19 35 1 26 15; x 26 
6 80 14 47]o 14 47 36 r 28 43 1 28 4: 
7 O f ©0..17: 18 3 « 33 iin e 18 
[2 19: 43]0 19 43 -\- I s 33 3% © 33 - 39 
9 | oO 22 ii 22 11 39-- „ -+ 6;-x-- $6 
10 % 24 380 0 24 38 40 [1 38 44 x 38 
It 0 % o 27 6 „ 
12 0 29 30 34 4 32 L 43 3 
13 0 32 0:32 43 [1 45 580 1 + 58 
| 14 [o 34 30] o 34 3o| 44 | 1 48 25 11 48 25 
15 Jo 36 58] o 36 58 45 | 1 50 53 1 50 5 
16 ]o 39 25/0 39 25 46 | 1 53 1 $3 21 
17 [JO 41 353% 41 33 „ I 35 400 
1 o 44 2100 44 21 4 1 1 58 17 
| 19 0 46 49] o 46 49 49 |2 o 2 0 44 
| 2» |o 49 17 0 49 17 $0. 42 3 81 3 
210 51 45] 0 B31 45 5142 8 40] 2 2 
| 22 |o $4 1300 54 13 52 | 2 --Y 2 | 
23 [ 56 400 56 40 53 2 10 360 2 10 
24 % 3d $/0..59.-. en 1g "3M » 30 
E r 55 la 15 31 4 25 
26 1 4 4 1 56 2 17 59 2 17 500 
n e - 28 5 2. 20 ᷣ 2 27 
n 59 2 22 54 2 22 38 
20 mn nne 89 2 25 -2Y 2 24 23 
r A bo 12. 27 512 27 51] 
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A TABLE of the Sun's Equation. 
= err Aer 
88 o. vj 1. % 2. a . 4. 4 6. mſsig. 
Des. 9 2 qe : 7 meo / 71 77 . 7 : 12 / . 6 0 : / Des. 
oo 8 09 0 57 J 39 41]r 56 rg] 1 41 48| © 59 15 30 
10 1 590 58 510 1 40 420 1 56 200 1 40 48 0 57 26] 29 
240-9 59 1 8 33 I 41 41] x 56 19 1 39 46] © 55 37] 28 
3]2 5 5881 2 15 1 42 39] x 56 16|r 38 41]o 53 48| 27 
419 7<3FT 3 . 7 300 ! 52 577 26 
312 © IF2 5 307 + mx 6 x 30:20 [50 25 
| 6]o 11 552 7 14 1 45 21x 55 56 1 35 170 48 13] 24 
7210-13-33 3 yr» ar 5 ee uf 237 
8% 15 51 1 10 271: 47 ox 35 31 1 32 520 44 25| 22 
90 17 49]1 12 1 47 46] x 55 15|1 31 37/0 42 30 21 
100 19 47] 1 13 39] * ab 311 54 58] 1 30 5-9 40 34] 20 
11% 21 451 15 1 49 1 1 54 38 1 29 10 38 37] 19 
120 23 42] x 16 380 1 49 $3 1 $$ 101 1 27 41j © 36 40 18 
13 25 35x 18 71 50 32x 53 521 26 19 0 34 41/7 
140 27 37/1 19 3601 51 1 53 2601 24 55 32 42] 16 
150 29 300 1 21 31 51 4441 52 5801 23 30 0 30 43 15 
160 31 25 1 22 28] 1 52 1 1 62 2711 22 30 28 43] 14 
17|O 33 20] 1 23 57 1 52 480 x 51 55 1 20 35; © 26 42] 13 
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8 9.942239 9.948698 9.958867 22 
g | 9.942326 9.949023 9.959157 | 21 
10 9.942422 | 9949353 9.959426 20 

11 9942529 9.94968 9.059691 1 
12 | 9.942645 9.050025 9.959946 I 
13 9.942771 9.950367 9.960191 17 
149942907 9.950712 9.960425 16 
IS 9.943053 9957105 9.960648 15 
| 16 | 9.943208 9.951409 9.960858 14 
I7 9.943372 9.951761 9.961056 13 
1889.943545 9952115 9.961242 12 
| Ig 9.94728 -9-952470 9.961414 | 11 
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23 9.944546 9.953896 9.961963 7 
24 | 9.944772 9.954251 - 9.662064. 6 
25 [9.945006 9.95465 9.962150 4 
26 | 9.945248 9.954957 9.962221 | 4 t 
27 | 9-945498 9.955307 9.962270 3 
28 9.945755 9.955655 9.962315 2 
29 9.946020 9.955999 9.962339 . 
30 9.946292 9956339 9.902347 o | 
La i 41 = | | An.| 
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Of ASTRONOMY. 


[Equation to be applied to half the Mean 
Anomaly of the Moon. 

Mean Anomaly of the Moon. 

..-2 A. 
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Equation to be applied to half the Mean 
Anomaly of the Moon. | 
Mean Anomaly of the Moon. 
| Sign „ Subſtract. 
Log.] 9942 9-947 | 9-952 | 9-957 | 9-962 
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_ Anomaly of the Moon. 


Hamer, to by © ti to half the Mean 


AS. de ha 


| | 
1 
| Mean Anomaly of the Moon. 
| Sign « « » « 5+ + + + + +» Subſtract. 
| 9-947 | 9-952 | 9-957 9.962 
TC. 
AE [x 211 66 530 42 ] 
r 35 as me K-83 76 8 41 
Fr nne 4 
( 3] - 3x | 16 fr 2| 0 30 0 3 
. 5 iin 24 &S 49 o N 
TTT 
eee 
6] 1 24] 2 10 o 57 o 46 0 
4 rar} 2: V7.0. 01 0444-0 
"+: 1 18] 2 6 O 54| © 43] o 
1: Tx, x 94 1-34 @"W1. © 434 © 
10 1 1 1 2 1; © 40 | 0 
litrf 10 0 58 0 48| © 38] o 
ji2] x 7 o 56 0 46] © 37] o 
113} 12310 535 0 $17 0. 35.4 © 
114] x of © 50 © 4x | © 3310 
% 57].0 48 | o 39 © 31] © 
6 o 53] o 45 0 37 | © 2% o 23 
117 © 50 oO 42 00 34 © 27 © 2T 
% 36] 0 59] „ 32| © 25| o 20 
119] O 43] o 365 © 29 © 23| o 18 
20| o 39] o 33] 0 27] © 21| 0 17 
21 fo 35 6 29 o 4] o 19] o 15 
1.231 o*2x „ po © 2415: © 17 |: © WY 
22 j'o a8jto ky.l © Wh1jf © 1517.0 127: 
24 j| 0:24 jo fol o F911 ©. 331, 0128 
lac on0jlo 6% [Fj Tar]. oF 
16 O 13 © 11% 9 0 7 
12 | 0 o 8 (71.913 
*'8 0 k 0 3 1 * + | © 3 
410 0 3 | o 4240.43 
0 0 0 8 f Oo - O We 


— — 2 of me * wo 28> 
: 


A Table 


E ASTRONOMY. 


A Table of he Variation, or | Thin | 
— wk * Moon 8 ns Longitude 
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Of ASTRONOMY. 


Moon 8 Variation. 


| A Table of Lenne for the Correction of of th 


"The Sun's Mean Anomaly. 


o_ 2 3 4 


Logar. | Logar. Logar. Logar. | Logar. 


| 0.0242 | 0.0211 | 0.0125 | 0.0004 | 9.9880 


| 2 | 00242 | 0.0207 | 0.0118 | 9.9995 | 9.9872 
4.0242 | 0.0203 | 0.0110 | 9.9987 | 9.9865 
6 | 0:0241 | 0.0198 | 0.0102 | 9.9978 | 9.9858 

| 8 | 0.0240 oo 0.0095 | 9.9909 9.9851 


| 10 | 0.0239 | 0.0188 | 0.0087 9.9961 99844 
25 0.0237 0.0182 | 0.0079 | 9.9952 9.9837 9 

14 | 0-0235 | 0.0177 | 0.0071 | 9.9944 9.9830 
j 16 | 0.0233 | 0.0171 | 0.0063 | 9.9936 | 9-982 
18 | 0.0231 | 0.0165 | 0.0055 | 9.9928 | 9-981 


20 | 0.0229 [O. 01 59 0.0040 9. on” 9.9812 
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A TABLE of the ſimple Latitude of the Moon, fitted to the leaſt Incli- | 


nation of its Orbit; with the Increments to the greateſt Inclination. 
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JA TABLE of the true hourly Motion, and Semidiamer of the Sun, with 
the Horizontal Parallax of the Moon, at leaſt and greateſt Excentrici- 
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A TABLE of the Reduction of the Time 1 the 


true Conjunction and Oppoſition of the Moon in her 
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A Ta BLE of Logiſtical Logarithms, being in its Uſe the moſt 
ready Way for finding the Proportional Parts in all Aſtrono- 


mical Calculations; was invented by THOMAS STRE ET, 
and publiſhed : in bis Aſtronomia Carolina. 


The Manner of ConſtruQting it, is thus : 
. 
To the Logarithm of 19 = 60' = 3600, add the ed Arithmetical of the Lo- 


garithm of the given Minutes, or Minutes and Seconds when reduced to Seconds; and the 
Sum (rejecting Radius) will be the .— Logarithm — 


Luer it be required to find the Logiſtical Logarithm of 8 Minutes. 


The Logarithm of the abſolute Number 3600 is — — 3.556302 5 
And the Comp. Arith. of the * of 8 4800 is — wh 3187 588 
The Sum, rejecting Radius, is the Logiſtical Logarithm required. — 8750673 


EXAMPLE 2. 
Wu Ar is the Logiſtical nn of 24“: 26". 


The Logarithm of 3600” — 3.5 563025 
The Comp. Arith. of the Logarithm of 24: a = 1466, is — 6.83 38660 
The Sum is the Logiſtical Logarithm of 24” 1-26" =22902 — E 3907685 5 
EXAMPLE z. 
To find the Logiſtical Logarithm of more than 60/, as of 86“: 28“. 
Reduce 86“: 28“ into Seconds, and it is 5188", the Log. is — 3. 7150000 
To this add the conſtant Logarithm — — „„ 6.4430975 
The Sum a ces heh is the Logift. Logar. of 86“: 28“ — I 58697 5 


Note, Tur the conſtant Logarithm 6.4436975 is the Complement-Arithmetical « of 
3-5563025, which is the Logarithm of 3600, as above. 


Ir, from the Logiſtical Logarithm thus found, you cut off the three Figures towards the 
Right Hand, thoſe that remain towards the Left will be ſufficient ; ſo, in the firſt Example 


I 51 may paſs for the Logiſtical Logarithm of 8˙ and, in the ſeond Example, 3902 for that 
Ot 2 4 * 20/7. 
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31 
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— 


56 | 18081} 14 18] 13108| 11834] 10850| 100490372187 78271 7811 
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10 | 21 


27 28 


23 24 29 

I | 7200 | 1260 1380 | 1440 1560/1620 1680/1740} 
30 | 4664 | 4457 4071 | 3890 3388 3233 3083 
4660 | 4454 4068 | 3887 3386 32313081 
4657 | 4450 4065 3883 354413383 3228 3078 
453 | 4447 4008. 3887 3390 3225 3076 
4444 4059 | 3878 | 5 [3538/3378 322 3073] 

4440 4055 | 3875 337532293071 

4437 4952 | 3872 31337 4321b13069 
4434 | 4049 |- 3809 353913370]: Jo66 

44.30 4046 | 3856 [3307 33064 
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 STREET''s Logiſtical Logarithms. 


ZZ A- OIRI BT BIN f! 35 3 37 38 | 39 


| ”' | 1800 | 1860 | 1920 | 1980 | 2040 2100 2160|2220/2280/2340, 


3010 | 2868 | 2730 | 2596 | 2467 | 2341 [221 2099119841871 


3008 2866 2728 2504 2465 2339 E22 162098 198201869 
3005 | 2863 | 2725 | 2592 | 2462 | 2337 [221412096 1989 1867 
| 3 | 3003 2861 | 2723 | 2590 | 2460 | 2335 [2212120941197 811 


0 
I 
2 
3 
4 3001 | 2859 | 2721 | 2588 |] 2458 | 2333 [221002092978 863 
| 5 | 2998 | 2856 | 2719 | 2585 | 2456 | 2331 [2208|2090[197411862 
6 | 2996 | 2854 | 2716 | 2583 2206]2088{1972]1 160 
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2 22042086019 70018 55 
2202 2084196801856 
220002082 1967 18 54 


2993 | 2852 | 2714 | 2581 | 
2991 | 2049 | 2712 | 2579. 
| 9 | 2989 | 2847 | 2710 | 2577 | 
| 10 | 2986 | 2845 | 2707 2574 
| 11 | 2984 | 2842 | 2705 | 2572 
12 | 2981 | 2840 | 2703 | 2570 
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132979 2838 2701 2568 |. 
| 14.4 2977 | 2835 | 2698 | 2566 
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| 16 | 2972 2831 | 2694 2561 
| 17 | 2969 | 2828 | 2692 | 2559 
| 18 | 2967 | 2820 | 2689 2557 | 
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5 194211830 


| 19 | 2965 2824 2687 | 2555 
| 20 | 2962 | 2821 | 2685 | 2553 
{| 21 | 2960 | 2B19 | 2683 | 2551 


22 | 2958 | 2817 2681 | 2546 
23 | 2955 | 2815 | 2678 | 2546 


21720205 50194001828 
| 24 | 2953 | 2812 | 2676 | 2544 9 38 
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| 25 | 2950 | 2810 2674 2542 | 
26 | 2948 | 2808 | 2672 | 2540 | 
| 27 | 2946 | 2805 | 2669 | 2538 


2107 2045 [93] 1819 
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| 28 | 2943 | 2803 | 2667 | 2535 
3Z —.— 29.1 2941 | 2801 2665 2533 
1 30 | 2939 1 2798 | 2663 | 2531 | 
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J' Io alenſys| 4 | 4 467 [48] 49] 
wa 2400 | 2460 2520 _ 2640 2700 | 2760 2820, 2880[2940] 
ö o | 1761. 1654 1549 1447 1347 1249 ges 955 969 Bo 
{ x | 2759 | 1652 | 1547 | 1445 | 1345 | 1248 [115211059] 96 

| 2 | 1757 | 1650 | 1546 | 1443 | 1344 | 1246 [115111057] 

| 2: 1785S. 1648 | 1544 | 1442 | 1342 | 1245 1149,105 

1 3 1754 1647 I542 | 1440 | I 340 1243 1148 1054 

| 5 | 1752 | 1645 | 1540 | 1438 | 1339 | 1241 114601053 

1 6 | 1750 | 1643 | 539 1437 1337 del 1145/1053 

| 7 1748 | 1641 | 1537 | 1435 | 1335 | 1238 1143 1050 

| 8 | 1746 | 1640 | 1535 | 1433 | 1334 | 1237 [1141j1048 

| 9 | 7745 | 1638 | 1534 | 1432 | 1332 | 1235 [11401047 

10 1743 | 2636 | 1532 | 1430 | 1331 | 1233 [11382045 

| 1x | 1741 | 5634 | 1530 | 1428 | 1329 1232 1137/1044 

| 12 | 1739 | 1633 | 1528 | 1427 | 1327 | 1230 1 

| 13 1737. 1631 | 1527 1425 1326 1229 113 197 950 

| 14 | 1730 | 1629 | 1525 | 1423 | 1324 | 1227 [1132 ' 

| 15 | 1734 | T1627 | 1523 | 1422 LIFE | 1225 1130 che 8 
161733 1626 1522 1420 1321 1224 [1129 103 450 8 
4 x7 | 1730 | 1624 | 1520 | 1418 | 1319 | 1222 [1127/1034 

| I 1728 1622 | 1518 | 1417 | 1317 | 1221 [1126j103; 

| 19 1727 | x620 | 1516 | 1415 1316 1219 [11241031 

| 20 | 1725 | 1619 | 1515 [ 1413 1314 | 1217 1123103 

21 | 1723 | 1617 | 1513 | 1412 | 1313 | 1216 [1121j10 | 

| 22 | 1721 | 1615 1511 1410 1311 1214 111 lx027] 936 8, 
4 23 | 171 1613 | 1510 | 1408 | 1309 | 1213 111861025 

| 24 171 1612 | 1508 | 7407 | 1308 | 1211 [121611024] 44 
| 25 1716 1 1610 1506 | 1405 1306 1209 [111 1022] 932] 8 

| 26 | 1714 | 1608 | 1504 | 1403 | 1304 | 1208 [1119hto21 

| 27 |-1712 | 3606 | 1503 | 1402 | 1303 | 1206 1112 171 
281711 4 1605 | 4501 400 1301 1205 [11101101 
* 1709 4 1603 | 1499 | 1398 | 1300 | 1203 1016] | 

5 1307 3 | 1 1498 97 | 5 12 1015 
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| 42 


WT 


Fm 


| 45 


| 45 | 47 | 48 | 


EA 


| 159 
| 159 
| 7590 


2520 


| 26071 | 1498 


j 1496 


1494 
1493 


2.580 


2640 


2700 


| 76018202886 


1397 


1298 


1201 


7 25S 9240 835 


1305 
1393 


1392 


1296 
1295 
1293 


1200 


1198 
1197 


1105 
1104 
1102 


1013 
1012 
OE 


| 1594 
| 1592 
| 1591 


1489 
1487 


$ nam 


1491 


1390 
1388 


1387 


1291 


1200 
1288 


1589 
11587 
11585 


1584 
1582 
| 1580 


1486 
1484 
1482 


1481 
1479 


| 1578 
| 1577 
| 1575 


| 1570 


| 1573 | 
1571 


1475 
1472 


| 
1470 
1469 
1467 


1477 
| 1476 


1385 


1383 
1382 


1287 


1285 
1283 


1380 
1378 | 


137] 


1282 
1280 


I278 


1195 


I193 
1192 


1190 


1189 
1187 


1186 
1184 
1182 


— ITY 


1101 oo 918 
109911007 
198 1005 


| xog6|ro04 
10951002 
1093[1001 


1091 
109 
1088 


17 
1373 
3372 


1277 


1275 
1274 


1181 


1179 
1178 


os) 
1085 
1084 


1370 
1368 


1367 


55 


1270 


1269 


1176 
1174 
1173 


10820 
1081] 98 
—9 987] 


1566 
1565 


11568 


1464 
1462 


1465 5 


1365 
730 3 
I 302 


1267 
1266 
1264 


1171 
1170 
1168 


1078 98 
1076] 98 
1074] 983 


1561 


1563 
1559 


1460 
1459 
1457 


1360 


1359 


1357 


315868 
1 1550 
| 2 


1 — 
* 


1455 
1454 


1352 
1551 


165 2221 


1452 


1450 
1449 | 


x355 | 


1354 
I 352 


1262 
1261 
1259 


110 
1165 
1163 


I 07 3 98 | 
1071 
107 


1257 


1256 
1254 


1162 
1160 


1159 


980 
9780 
1068 9771 
1067] 975] 8 
1065 974] 


FI 5 
2 


1157 
1156 


I 


eee 
1062 976 
THT) E. 
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STREET's Logiſtical Logarithms. 
DT 1 $3.9 {\ $3 159] 37.490 1-59" 
_ #7 ] 3000 3060 3120 3180 3240 | 3300 3360 342034800540 
792 706 | Gar 539 |- 458 | 378 | 300 223] 147] 73 
1 | 790 | 704 620 537 | 456 | 377 | 298] 221 146| 72 
2 | 789] 703| 619] 536 455 375 | 297] 220] 145] 71 | 
3 787 | 702 |. 617 535 | 454 374 | 296] 219 143] 09 
1 786 | 700 616 533] 452 373 | 294] 2180 142] 68 
' 5 | 785 | 699 | 615| 532] 451 | 371 | 294] 2160 141] 67 
| ©| 783 | 697 | 613] 53: | 450 | 370 | 292] 215] 140] 66 
2 782 | 696 | 612 | 529 | 448 | 369 | 291 21 139 64. | 
; 780 | 694 | 610 | 528 | 447 | 367 28 213 137] 63 
9] -779 | 693 |. 609 |. 526 44 366 | 288] 211] 136, 62 
10 777 | 692 | 608 | 525 444 365 | 287 210 135 61 
11 776 590] 606] 524] 443 363 | 285] 209] 134] 60 | 
12| 774 | 689 | 605 | 522 |. 442 |. 362| 284] 208| 132 58 | 
| 13] 773 | 687 | 603| 521 | 440 36x | 28 200 1310 57 
14 772 | 686 | 502 520 439 | 359 | 282] 205 130 56 
15 770 | 685 601 518 | .438 | 358280 204] 129]-55 
16 | 769 | 683] 599 517] 436 357 | 279] 202] 127] 53 
17 | 767 | 082] 598 | $16] 435 | 256.) 278] 201] 126] 52 
18 | 766 | 680 |. 596 $14 |+ 434 |- 354: | 276] 200] 125 51 
19 | 764| 679] 595| 513] 432 | 353 | 275] 199 124] 50 
20 | 763] 678 | 594| 512 | 431 | 352 | 27 197] 122] 49 
21 | 762 676 | 592 | 510 | 430 350 27 196| 121] 47 
|22| 760 675 591 | 509 | 428 | 349 | 271] 195] 120 46 
23 | 759 | 673 590 | 507 | 427 | 348 270 194 119 45 
24 | 757 672 588 | 506 |. 426 346 | 269] 192] 117] 44 | 
25 756 670 587 | 505 | 424 | 345 | 267] 191] 1160 42 
26 | 754 | 069g | 585 | 303 423 | 344 | 266] 190] 115] 47 
27 | 753 | 068 |- 584 | 502 | -422 342 | 265] 189] 114] 40 
38| 75: | 666 | 583 | gor | 420 | as | a6al 767 mn] 3 
29 750 | 665 | 581 | 49 419 | 340 | 262] 186] 111] 3ʃ 
] 30 | 749. 663 : 580. 498 418 J 339 261 185 110 30 | 
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| STREET's Logical Loguithms 1 

RAE ub £4.09 El $A 5 | 55 5 57 | 58] 59 

| PEE | 3000. | 3obo | 3120 | 3180 | 3240 3300 . nel 

30 | 749 | 663] 580 | 498 | 418 339 | 261 185 110 36 

31 | 747 662 579| 497 46 337 260 184] 109 35 

32 | 746 | 661] 577 495 415 | 336 | 258] 182] 107] 34 

33 | 744 | 0659] 570 | 494 | 414 | 335 | 257] 181] 106| 33 

34 | 743| 658 | 574 403 412 333256 180 105| 31 

35 | 741 | 0656] 573] 491 | 411 332 | 255] 179] 104 30 

30 | 749 | 655 | 572| 490] 410| 331 | 254 177, 103] 29 

| 37 | 739 554 570| 489 408 | 329 | 259] 176 101] 28 

| 35 | 737 | 652 | 5609 | 487 | 407 | 328 | 251] 175 on 27 
39736 | 651 568 | 486| 406 | 327 | 250] 174] 99, 25 | 

40 734] 6491 566 | 484 | 404| 326 | 248] 172] 98024 
41733 648| 565 483 403 324 | 247] 171] 96| 23 

42 | 731 647 563 | 482 | 402 | 323 246] 170] 95] 22 | 

43 130 645 562 | 480 | 400 322 | 2 | 16 94] 21 

44 | 729 | 644] 501 | 479 | 399 320 | 243] 167] 93] 1 

45 | 727 642 559 478 | 398 | 319 | 242] 166] 910 x 

146 | 726 | 641 | 558 | 476 |. 396 | 318 | 241] 165 a 17 
47 724 640 557 475 | 395 | 316 | 239] 163] 89 16 

148] 723] 638] 555 | 474 |. 394 | 315 | 238] 162] 88015 

149 | 721 | 637 | 554 472 | 392 | 314 | 237] 161] 87] 13 

] 50. | 720 635 552| 471 | 391 | 313 | 235] 169 Bs| 12 

51 | 719 | 634 | 551 | 470 | 390 | 311 | 234] 158] 841 11 | | 
| 52 117 633 | 550 468 388 | 310 | 233] 157] 83 10 ; 
| 53] 716] 63r | 548 | 467 | 387 | 30g | 232] 156] 82| 8 4 
| 54 | 7:4 | 63% % 547 | 466 | 386 | 307 230 155] 8009 | 
I 55s | 713] 628 546 | 464| 384 | 306 229 153] 79) 6] 1 
56 | 711] 627 | 544 | 463 | 383 | 305 | 228] 152], 78] 5 ; 
57 | 770 | 626| 543 | 462 | 382 | 304 | 227] 151] 77] 4 ; 
| 58 | 709 | 624| 54: | 460| 381 | 302 | 225] 150] 75] 3 | 
159] 797 | 623] 549 | 459 | 379-| 301 224] 148] 74] 1 g 
50 l 706 | 6211 330 [ 458 | 378 | 300 l 229-147] 73| 0 | 
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The Deſcription and Uſe of the TABLE of Logiſtical 
1 Logarithms. = 


& 


Trax Numbers in the Top, or uppermoſt Line of each Page alter their Denomination, as 
Occaſion requires; and ſo do the Figures of the firſt Column, accordingly : So, if you call 
the uppermoſt Figures Degrees, then thoſe in the firſt Column are Minutes : If you call the 
Figures in the uppermoſt Line Minutes, then thoſe in the firſt Column are Seconds. When 
the uppermoſt are Hours, the firſt Column are Minutes, &-. 

Tre Line next to the uppermoſt, are the Number of Minutes in thoſe Degrees that ſand 
over them, when they are Degrees ; but when they are Minutes, then thoſe under them are 
Seconds in ſo many Minutes. All the Numbers that are placed in each Column under 
theſe, are the Logiſtical Logarithms. 


To find the Logiſtical Logarithm of Degrees and Minutes, or of Minutes under 60, and Seconds. 
SAMPLE 
Ler the Logiſtical Logarithm of 369 2 18, or 36“ : 18 be requir'd. 


UnDER 36 in the Top-Line, and againſt 18 in the firſt Column you will find 2182, 
the Anſwer. 5 | 55 


The Uſe of the TABIE of Logiſtical Logarithnr. 
EXAMPLES. 
1. Ir 60 Minutes be in the firſt Place, and the Minutes in the ſecond and third Places are 


each leſs than 60; add the Logiſtical Logarithm of the ſecond and third Terms together, 
and the Sum will be the Logiſtical Logarithm of the fourth Term. ET 


Thus, As „ 
Is to —_— 2": 29". 13690 
80 Is —— 57 3 30 185 
To — 2 21 14075 


21. Ir 60“ be the firſt Term, the fecond leſs than 60/, and the third more than 60'; to 
the Logiſtical Logarithm of the ſecond Term, add the Logiſtical Logarithm of half the 
third Term, the Sum will be the Logiſtical Logarithm of half the fourth Term; which 
double, and you'll have the Anſwer. Gn : 


yo 605 — . HFS 0 
Is to 2: 24 —— — 13979 
So i8 75 : 9”, half is 37344 2033 
— — 
To 17: 30“, which being doubled is 3: 0% the Anſwer 16012 


3. Ir 
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2 Ir 60/ be the firſt Term, the ſecond more than 60“, and the third leſs; add the Lo- 
giſtical Logarithm of half the ſecond Term to that of the third, the Sum will be the Lo- 
giſtical Logarithm of half the fourth Term; which double, and you will have the Anſwer. 


As 607 — m — 0 
Is to 63“: 41”, half 31“: 507 . | 
So is 58: 48 ging Ss. 75 


To 31“: 12% which being doubled is 62“: 24”, the Anſwer — 2841 


—— — — 


4. IF 60/ be the firſt Term, and each of the other Terms above 600, then take half each 
and work as below : | | 


As 60! _—_ half = 307 2 0 — ; ; 3010 ſubſt. 
Js to 27: 247 half 36 112 —: +. 
35785 Sum 
To 50! ! 12”, which being doubled is 100 : 24”, the Anſwer 775 
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CHAP, XVII. 


To calculate the SUN's Place. 


Anomaly anſwering to the given Year, Month, Day, Hour, Minute, and Second, 


2. Adp the mean Longitudes together, and alſo the mean Anomalies ; ſo you will have 
me Sun's mean Longitude and Anomaly for the Time given. 


3. With the Sun's mean Anomaly enter the Table of his Equation, where, if you find 
the Sign at the Top, then the Degrees are to be found in the firſt Column; but if the 
Sign be found at the Bottom, then you muſt find the Degrees in the laſt or Right-hand 
Column ; and, in the Column Angle, or Place of Meeting, you will have the Sun's Equa- 
tion, which you mult either add to the Sun's mean Longitude, or ſubſtract from it, ac- 
cording as the Title at the Bottom or Top of the Table will direct you. 


. FROM the Table of the Sun's Middle or mean Motion take out the Longitude and 
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EXAMPLE i. 


LET it be required to find the Sun's Place at Lond 
paſt 6 in the Afternoon, equal Time 1743. 


on, upon Auguſt the 24th at 32 Minutes 


5 Long. O | Anom. ©. EE 
W “W 3-49 1816 : 12: 11“: 420 
JJ %%% {4617-1 12 0546 
Hours 6 14 © 47 14 2 47 
Min. 32 ... | 1 19 1 


Equation ſubſtrac . . . 


Remains the Sun's true Place. 5 11 41 : 37 | 


* 


Mean Long. of O. 5 5 „ 13 : 26: 09 [2 : 5 : 03: 


n 


Tur mean Anomaly of the Sun being 2* 2: 5: 3“: 52% look for 2* and you will find 
it at the Top of the Table of the Sun's Equation ; under which, and againſt 5 Deg. in the 


firſt Column you have 10: 44“: 29“ which if the mean Anomaly had been only 2* : 5e, 
then this would have been the Equation to be ſubſtracted from the Sun's mean Longitude; 


but becauſe there is 3“: 52 more, therefore you muft find the proportional Parts agreeing 


thereto. 5 | 
Tuus, For 2%: 5% you have — — 10: 44“: 29” 
And for 2 _ — — 5 135 
| Their Difference is — — — 0: 52 
Now, If 10 = 60 — | — ni 0 
| _ Givesa Difference of o“: 52“ — — 1840 
What will — I"; ©3 — — : 190 . 
Anſwer — — o: 03 — — 3047 


Then becauſe the Equations are increafing, this o/: 3// muſt be added to 10: 
and the Sum is 19: 44 


Sun's mean Longitude, as at the Example. 


i 429" 


: 32” 3 which, according to the Title, you muſt ſubſtract from the 


Note, TuarT Aſtronomers reckon their Time from Noon to Noon, ſo that at 9g in the 
Morning of (ſuppoſe) the 25th Day of any Month is 21 Hours after the Noon of the 24th 


Day, as at the next Example. 


EXAMPLE 2. 


Lx r the Sun's Place be required upon May 15th at 18 and 42” p 
1743, equal Time. | x 


aſt 10 in the Morning, 
1 } 


Long. 
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5 | enz. ©: | Anomaly ©. 

- | q FTE ALERT 

1743. 1 33 18 6 12 11 2 

| May I4 D. 4 > & of 4 36 4 12 4 Th 

1 54 13 54 13 

. Min. 18 O 44 8 0 

Mean Longitude of © 5 F 

| Equation add — — — — f Te 9 i =; IV... 33 

The Sum is the Sun's true Place — — 7 5 4 38 10 | 


EXAMPLE z. 


oe? the Sun's Place be required July 18% : 5h + 12/ : 207! P. 2 1728, apparent | 
ime, AF 


Long. ©. | | Anom. O. | 

£4 * Os” £9 1 

1 43 6 12 5 52 

3 — 8 n 57461 619 7 11 

ours 5 — — 13 101 "10" 20 

Min. 12 — — o 30 O 30 

Sec. 20 — — 0 01 O o 

Mean Longitude of O 32 18 0 2 5 
Equation ſubſtract 1 f 6 7 1 
un' s Place at the apparent Time 1 6 : . is 


Tux Sun's Place and mean Anomaly being now found for the given apparent Time, then 
to reduce it to equal Time you muſt take the Sun's Place to the Table of the firſt Part of 
the Equation of Time, and thence take out the Equation 9“: 36“ with its Title. Add to 
the apparent Tine. | | 9 85 | | | 2 

AGAIN, with the Sun's mean Anomaly o“: 299 : 25 52. enter the ſecond Part of the 
Table, and thence take out the Equation 37: 42, with its Title ſubſtract from the apparent 
Time. Now, becauſe theſe two Equations are of different Denominations, you muſt take 
their Difference, and give that the Title of the greater. 


Tnus, The greater is — — 9 426 Add | 
The iW — — 3 : 42 dubſtract 
Their Difference is the Equation — i PN s „ Add 
Ide apparent Time given was — — 184: 5h: 12: 20 
| The Sum is the equal Time „ — 18:5 18: 14 


X x 5 Is 
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Ir theſe two Equations of Time had been of one Denomination, that is, boch add, or 
both ſubſtract, then their Sum would have been the Equation of Time, and to be applied 
to the apparent Time, according to the common Title of add, or ſubſtract. 


 Havins thus obtained the equal Time, you muſt find the Sun's Place for that Time: For 
this Purpoſe, take the Sun's mean Anomaly to the Table of the hourly Motion, and Semi- 
diameter of the Sun, Cc. and thence take out the hourly Motion of the Sun 2: 23“. 


Then ſay, 4 N 


If 1 Hour, or 600 


,* f 


| OO ©... i: 
gives a Motion of 2“: 23” — Wd. 14010 
what will the Equation 5” : 54 give . 10073 CLI, 
Anſwer | . o! : 14” | —_— — — : 24083 


App theſe 14” (according to the Title of the Equation of Time) to the Sun's Place be- 
fore found, viz. 4* : 69 : 36': 11", and the Sum is 4*: 69 : 36' : 25”, his Place at the 
equal Time. | | 


Tr the equal Time had been given, as at the firſt and ſecond Examples, you might reduce 
it to apparent Time in the ſame Manner. 1 


To | calculate the Sun's Place for any given Year before Chriſt. 


1. StT down the mean Longitude and Anomaly of the Sun for the firſt Radical Year of 
| Chriſt, and from theſe ſubſtract the mean Longitude and Anomaly which you find in the 
Table of Years compleat, againſt the next Number of Years given. 


2. To the Remainder, add the Motions for the Number of Years that the given Year 
wants of thoſe Years whoſe Motions you ſubſtracted frem the firſt Radical Year, and the 
dum will be the mean Longitude and Anomaly for the Time given. 


EE ZAMFLE. 


Læxr the Sun's Place be required for Augu 24 and: 14: 9 in the Year of the Julian 
Period 4283, or 431 Years before the firſt Ra Year of Chen, being the mean Time of 
an Eclipſe of the Sun. 5 TE 15 2 91 5 5 


Tux next Number of Years in the Table of Years compleat above 431 is 500 ; 
From which take ——I—— — | 9 431 


The firſt Radical Year of EE... 


Sec. 39 


— 
— 10 0 40 

From which take the Motions for 500 — — , z 405 25 1 a 
Remains : — 9 41 06 30] 7 ; 4 59 oo 

| „%% ĩͤ 64. 0; —_ 29 24 12] 

EF. — 1 ÄVv $OH- 29: 20-63 

Aquſt 2 — n "6. 0 10060 07295 6 

Hours 22 MF: 13 34 13 

Min. 14 —— — 8 0 35 8 

— — o 02 O 02 


Mean Longitude of G 5 — 
Equation ſubſtract r 7 


„ 


ꝙ—— llk_ 


Remains the Sun's true Place 3 


— 


To calculate the Moon's true Place in her Orb (which is what you are to compare with the Sun's 
Place in calculating the Eclipſes of either the Sun or Moon) and to reduce it from her Orb to the 
Ecliptic. 8 


Ir has been obſerved by many very ingenious Men, and taken Notice of by Mr. Brent, 
in his Compendious Aſtronomer (a very uſetul Book), that tho' according to the late Sir [/aac 
Newton's Theory of the Moon, ſeven Equations have been introduced; yet, it has been 
found, that when only the Annual, Elliptic, and Variation Equations are uſed in finding the 
Moon's Place, in her Orb, the Calculation has agreed better with Obſervations, either in or 
out of the Syzygys, than when the reſt are brought in. | 
 AccoRDING to this Mr. Brent, in that Book, gives an Example at Page 164; where he 
leaves out all but theſe Three, except that of reducing her Place in her Orb to. the 
Ecliptic. | ; 
| Veow examining the Tables of the ſeveral Equations, that I ſhall make Uſe cf, I find that 
he has done Juſtice to the Theory, eſpecially as they have been improved by Mr. Machin; 
for which Reaſon (to ſave myſelf a great deal of Trouble, and more than my Time and 
Infirmities will permit me to go through) I have borrowed what I thought moſt uſeful for 

my preſent Purpoſe ; and refer the Reader to the Book above-mentioned, where he will find 
Tables of all the Equations, and conciſe Ways of uſing them. EN i 


Now, to proceed: FT | 

1. Find the Sun's true Place, and mean Anomaly to the given Time; and alſo the mean 

: Longitude, Apogee, and Node of the Moon to the ſame Time: Then take the Sun's mean 
Anomaly to the Table of the Firſt, or Annual Equations of their Longitude, Apogee, and 
Node; and thence take out the Equations, reſpectively, according to their Titles in the 
1 71 So will you have the Moon's mean Longitude, Apogee, and Node, equated the 

ime. | . 

8 91 2. To find the Annual Argument. 

"From the Sun's true Place ſubſtract the firſt equated Place of the Moon's Apogee, what 
remains is called the Annual Argument, which take to the Table of the ſecond Equation of 
the Moors Apogee, and thence take out the ſecond Equation, which apply according to its 
e to the firſt equated Place, and you will have the ſecond equated Place of the Moon's 
pogee. . | SET | 
| 3. To 


* * 
* . 
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3. To find the Moon's mean Anomaly. 


From the Moon's Longitude firſt equated, ſubſtract the ſecond equated Place of her 
Apogee, what remains is her mean Anomaly, of which you muſt take half; and if that half 
de above three Signs, take it out of ſix Signs, and reſerve | the Remainder. 


5 4. To find the true Eltiptic Equation. IT 
Wirz the Annual Argument enter the Table of conſtant Logarithms for the Elliptic Equa- 
tion of the Moon, and thence take out the conſtant Logarithm anſwering thereto ; which 
being found, take it to the Table of Equations to half the Moon's mean Anomaly, and 
| ſeek at the Head thereof for the firſt four Figures on the Left hand of the conſtant Logarithm 
and alſo for the Moon's mean Anomaly if it is under fix Signs, or its Complement to twelve 
Signs, if above; and, againſt the Degrees in the Left-hand Column, you will have an Equa- 
tion; which, as the Table directs, muſt be added to, or ſubſtracted from half the mean Ano. 
maly, if under fix Signs ; or what you reſerv d, if more. So you will have half the mean 
Anomaly equated, to the Tangent of which add the conſtant Logarithm before found, and 
the Sum will be the Tangent of an Arch. Subſtract this from half the mean Anomaly be- 
fore it was equated, then double the Remainder ee Elliptic Equation. . 
Now, if the mean Anomaly of the Moon be o. 1. 2. 3. 4. 5 Signs, ſubſtract this Flliptic 


— 


; 2 ö 5 . ——— 
Equation from the firſt equated Place of the Moon's Longitude; but if it be 6. 7. 8. 9. 10. 11 
then add it, and you will have her ſecond equated Place. ON * 


5. To find the Variation, or Third Equation of the Moon's Longitude. 
SUBSTRACT the Sun's true Place from the ſecond equated Place of the Moon, then take 
the Remainder to the Table of Variation, and take out the Variation; and find the Loga- 
rithm of the Seconds contained therein (as if an abſolute Number). | | | 
Ac AIN, Take the Sun's mean Anomaly to the Table of Logarithms, to correct the Moon's 
Variation; and thence take out a Logarithm, which ſubſtract from the former Logarithm 
(borrowing Radius, if Subſtraction cannot be made without), the Remainder is the Loga- 
rithm of the correct Variation in Seconds; which you muſt add to, or ſubſtract from the 
ſecond equated Place of the Moon, as the Title of the Variation directs. So will you 
have the Moon's Place in her Orb. 


6. To find the true Place of the Node. : eee 
| From the Sun's true Place ſubſtract the firſt equated Place of the Node, and take the 
Remainder to the Table of the ſecond Equation of the Node, and thence take out the 
Equation ; which add to, or ſubſtract from the firſt equated Place, as the Title directs, and 

you will have its true Place; and, at the ſame time, take out the Inclination of Limit. 
/ of Seine no onions ies in 
SUBSTRACT the true Place of the Node from the Moon's Place in her Orb, and what 
remains is the Argument of Latitude, eee % DRL 0 5 


| | 8. To find the Reduction. 

_Taxt the Argument of Latitude to the Table of Reduction, and take out the Reduction 
with its Title of Add, or Subſtract. and alſo the Exceſs ; then ſay, as the greateſt Inclina- , 
tion of Limit above the leaſt (always 17“: 45”) is to the preſent Exceſs, ſo is the preſent 
Inclination of Limit to a proportional Part of the Exceſs : Add this to the Reduction before 
found, and the Sum will be the true Reduction; which, according to the Title of Reduction, 
add it to, or ſubſtract it from the Moon's Place in her Orb, and you will have her true 
Place in the Ecliptic. | 


9. Ti 
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9. To find the Moow's true Latitude. 


TAKE the Argument of Latitude to the Table of the ſimple Latitudes of the Moon, and 
take out the Latitude and alſo the Increment ; then ſay, as the greateſt Inclination of Limit 
17! : 45“ is to the preſent Increment, ſo is the preſent Inclination of Limit to a propor- 
tional Part of the Increment : Add this to the ſimple Latitude before found, and the Sum 
will be the true Latitude, which the Table will let you know whether it is North or South, 
Aſcending or Deſcending. 5 | 


10. To find the preſent Excentricity of the Moon. 


TAKE the Annual Argument to the Table of Excentricities, and take out the preſent 
Excentricity. 


11. To find the Horizontal Parallax of the Moon in Eclipſes. 


TAkkE the Moon's mean Anomaly to the Table of the Horizontal Parallax, and take out 
the Horizontal Parallax under the leaſt and greateſt Excentricities, and find their Difference ; 
and alſo the Difference of the leaſt and greateſt Excentricities, which is always 23454. 
Then ſay, _ 
As the Difference between the leaſt and greateſt Excentricities, 
Is to the Difference between the leaſt and preſent Excentricity, 
So is the Difference between the Horizontal Parallaxes, 
To the preſent Difference. 
Which being added to, or ſubſtracted from that found under the leaſt Excentricity, as the 
Nature of the Numbers require, will give the Horizontal Parallax requir' d. 


12. To find the apparent Semidiameter of the Moon. 


Tux mean Horizontal Parallax of the Moon is 
And Ber mean Semidiameter 6 | 


57 300 


bw. 15 + 45 
Then, having found the preſent Horizontal Parallax of the Moon fay (by the Logiſtical 
Logarithms), 


(I 5 8 | | | L. L. 
As the mean Horixontal Parallax — 57“: 30“ — 195 
Is to the mean Semidiameter — 15 : 45 —— 5809 Q + 
So is the preſent Horizontal Parallax (ſuppoſe 53 : 38) ——— 487 3” 
To the preſent apparent Semidiameter 14/ : 49“ — rf Rem. 


For the Horizontal Semidiameter, you muſt add the Logiſtical Logarithm of 160: 26“ 
24 = 5623 to the Logiſtical Logarithm of the preſent Horizontal Parallax of ), and the Sum 
will be the Logiſtical Logarithm of the Horizontal Semidiameter. 85 

Mete, That the Sun's Horizontal Parallax is always 10”. 
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E X AMPLE I. 
Lz the Moon's Place be requir'd for October the * Day at Noon, in the Ver 


17 
Abe Sun's true Place at this Time is 


| f — 3 2 18 N 172 . 77 
þ And his mean Anomaly 8 Po” a * Ze 34 : 8 
Longit. ). 5 Apogee N. Node. : | 8 


1 Se 


1743. 4 I 14 1 
Oe. 25. 10 26 23 5 


Fer — 
5 
1 


Mean Long. ). 


» 2d equated 
Variation add 


2 HA | 2 27 48 1 910 32 9 I 9 16 
Annual Equat. — +9 -5 — I7 56 £5 34 | 
D iſt equated — 27 58 ogo| 10 14 1 "a Rs 
Elliptic Equation — | — 7 29 7 12 41 18 ol 7 * 5 Th. A 


2 27 56 1 10 2 2 ö 
„ 7 : 3 ag e ee 


Reduction and Excentr. —7 1 


N in the Ecliptic — 12 28 25 2 ſtant Log. 
Ie | 58 22]Half M. Anom. 89® : $17: 28"12. TIN 


Half Tr. Anom. 89 : $0: 33 12. 561399 Tang, 


in Orb — — 2. 28 32 L820. . 15 -I3. Apog, ad equated. 


Diff. — 
Elli 5 
Mean Anomaly of 9 — 8 
True Place of the Node 8 EEE: 
| Inclination of Limit 5 „ | 
Reduction ſubſtract a. d 5 
Exceſs — = — — * A TOTS 
Preſent Excentricity —— — — 1 


Horizontal Parallax | — 
Semi diameter) —t — eee 


EXAMPLE 
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LeT the Moon's Place be required for November the 23d, at 20' and 30” paſt 5 in the 


Afternoon, 175 FS 
The Sun's Place at this Time is 


3 * 
Preſent Excentricity 61305 — — — 280 


Horizontal Parallax » 


— %: 12 1 1:49” 
And his mean Anomaly ne — 557 4 342-2 18 3 
* Long. D. Apog. ). Node. 
7 , O | fv 417 F » O f ” * Q 7 7 I 
1943. 14 * 44 28 7 90-18 [2-28 24 
Novem. 23. 1 18 40 51 1 6 25 50 |o 17 18 59 
Hours 5 2 44 42 12 o 40 
Min. 20 11 59 o 06 O 03 
Sec. 30 98 10 | — 
| 2 & T7: IP} 48 
Mean Long. Þ — — [3 22 52 059 13 47 31 | 1 7 43 42 
Annual Equat. — — | A 33 
9 iſt equated — [|3 22 57 21 9 13 27 - 58 | 1 7 47. 435% 
Elliptic Equation — - 2 28 44 12 14 130; 8 12 14 130 
) 2d equated — — | 3 25 26 ogjio 28 36 15 {7 4 26 38 A4. O. 
Variation add + 37 7] — 9 48 o | + 1 22 52 2d Eq. qQ 
A * | | | | | 2 T7 
») in Orb —— [2 26 3 12] 9 3 49 51 {Apog. 2d equated 
Reduction and Exceſs — — 3 og|Conſtant Log. 9.946684. 
. — 10.772748 I 
) in the Ecliptic —— | 3 26 o og T. M. Anom. Eq. | ee 
True Latitude P. N. A. 5 3 _3280®: 25“: 17“ 


— 


11 53 — 10.719432 Tangent. 
26 : 15 = half Anom. before equated. 


True Place of K 1“: 99: 10': 277 


— 617: "I I : 14 : 22? 
Semidiameter — 1 n 
Mean Anom. ) 6* : 199: 0%: 307 + 1 1 44 Ellipt. Equation. 
Inclinat. Lun. — — 12:07; 
Reduction ſubſt. — 


Exceeſs o/: 22“, Prop. Part 


2 : 54 T Argument Lat. 


153 


2 : 16 52 : 45 J. 
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Years. 


Radi 
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Epacts. 


| 


ONO 
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I 
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$T 


| 


4 Mot. Lat. : 


4 


14 


JSISES 
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— , 
IO DW anmpPpU DOUD NYMWwYI 


A TABLE 


— 
o DI Ow NN 


| „„ hk «© :#- a: 6 „% 
3 . 17: . 2 | 
2601 | © 20 21 
2245 4 31 2911 
2801| 12 41 57 
2901 13 20 52 2 
3001 JI 8 2 8 
3101 j22 13 13 2 
3201 [26 21 23 5 
1 


3 


* . tes q n r q N , 4 4 J * 
x, 2. ad $ * & oe IF " Al Fe 2 N * 4 4 * n dt ” 
an |» * "IEA * 8 
0 8 ; * Ge * * * 
\ ö 


20 G ASTRONOMY. 
5 303 . . A 


th. —_—_— 


BBE = EI | 8 
| A TABLE of Radical Years after CHRIST. - 
r EE: 4 | ; Re 1 5 ; | = | 9 
Years.| Epacts. Mot. Lat. | Tears. „ pee Mot. e. 
B 1 6.14.10 0 oy aL SJE Sos 
1 16 17 56 gft1 1941 Its 's 24 143 1 23 
101 1 11 14 55] 4 1901 [26 4 3 4543 17, 0 
2018 1 35 9 [apr yt i3. of Yo: $200 
30 3 7 22 47! 2001 [18 12 38 35] 5 18 55 
401 [28 21 58 15 5 | 2101 [14 4 28 o** 3 22 
301 24 13 47 49 9 SOT xy 20. 17 7.9" 27 © 39 
501 [20 5 37 190 2 wort 5s 12 + 17 17-17 
= ins. 21 26 $Wy5 2401 IL 1 56 44% © 44 
OI |1T 13 16 21011 2501 26 30 25] 3 25 31 
„„ 2601 2 o 19 508 14 58 
1001 | 2 20 55 279 2701 [17 16 9 22] 1 4 25 
110EÞ28 1 28 50% 2801 13 7 58 54/5 23 52 
1201 [23 17 18 29 5 290117 23 48 206000 13 19 
„„ 300T | 4 15 38 3 2 46 
; 140115 O 57 352 31010 7 27 344 7 22 13 
1501 10 16 4 517 201 [25 12 1 1 
16016 8 38 25 0 3301 fax 3 50 44 © 27 
1621117 7 18 500 3401 6 19 40 8 19 54 
1641 [28 5 55 390 1 3501 [12 11 29 1 9 21 
16619 15 51 of 2” 3601 [| 8 3 13 5 28 48 
1681 [20 14 30 40 3 3701 3 19 4910 17 55 
17012 o 26 94 Jo! 28 23 32 24] 2 
1721 [12 23 5 390 5 3901 [24 15 31 5 6 26 29 
1741 23 21 45 11] 5 4001 [20 7 21 21011 15 56 
17615 7 40 417 4101 5 23 10 534 5 23 
1 REEL. 15.0. 29.2 7% 
1801 127 4 59 43] 5 43011 7 49 3} 14 17 
1821 |8 14 55 9 4401] 2 22 39 29 0 3 44 
1841 {19 13 34 4Jj10 ol 128 3 12 9 22 2 
18610 23 30 1111 4601 [23 19 2 360 2 11 58 
1881 (11 22 9 4300 4701 [19 10 52 87 1 25 
1901 22 20 49 1500 29 28 3c 4801 5 2 41 4011 20 52 
119214 6 44 410 2 15 46 1 4901 [10 18 3r 12 4 10 20 
13 3 5001 6 10 20 44 8 29 47 
A TABLE 


»- A ws 
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A TA B L E of Years Noo 


— 


| "For: Tar Epact s. Mot. Lat. 
F: „ 5 Fe. 1; F 
989 8 2 %%%ͥ̃ ũ ar 1 14 3 

1 7 1 30] 2 19 4323 . 11 
1 24 n e 30% 

1 52 100 25 4 33 32] 3 18 46 49 ; 
'2 10 200 20 20 23 208 8 12 52 
190 300 [16 12 12 280 0 27 40 55 
3 #7 400 [12 4 1 56 EF 723 
"hw. , -20040- ©: 25-1 
5 14 600 „ 
242 oo. [28 16 14 24/6 14 48 53 

11 oo 124: 3 3! eat 4 15 5 | 
7 9 your 12 33. $3} 30112 23 42 59 
4 17 1000 15 15 42 4808 13 10 2 
26 2000-17 19 n 32:5 27 18 
9 4 3000 17 10 24 20] 2 10 10 2 | 

9 12 + 13. 23: . att 24 0.3 

2310 20 3000 [Ig '5 5 58 7 10 38 
49110 28 6000 5 8 34 37 5 21 o 5 
911 6 2 10 
311 © 15 000 | 9 di O02: 12 
Months. A Canon of FuLLs and CHAN GES of 

— the Moon. 

1 9 T9 14 26:7 
FF * o 
3 1 0-20 

1 1 0 
6 4 8 16 40 35 
39 4 4 3 600 
6 3 9-17: 20 4 
29,9 © 4 2 49 5 
25110 6 
7 


A TABLE 
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A TABLE f from FLamsTEAD's Doctrine of the Sphere 
to find the Interval between the mean and true 
| Time of the Conjunctions and — of the 
Sun and Moon, 1 
FT AIKERT THT 
# S | 3 
1,4. 
1140 
33 2 Þ 7 
3 
1412 
—3 12 
a "=p 
8 3 
4 
94 5 
105 1 
1115 28 $4 1 
126 26 24 4 
136 26 55 17 
14417 27 38 4 
'5 [7 yy 5-13 
16|8 7 38 36 18 26 
178 33 6 3 57 II 
189 8 35/38 fr 27 4 
1199 39 4 39 29 58 8 
{20110 9 32 40.120 : 26 37) 


BB KL «A M 5 


Sur rosg the Moon at the mean Time of an — to be in — 4 18% 16/22 


And the Sun's Place at the ſame Time — — 10 22 46 35_ 
Then the Moon is ſhort of the Oppoſition 1 es. 4 31 13 


Againſt the next leſs than this in the 2d Column you have 8 Hours — 4 3 4 


Remains 2 24 
Againſt the next leſs than the Rem. in the 6th Col. you have 55 Min. 2 55 


Remains | 3 0 29 
Againſt the next leſs than the laſt Rem. in the 6th Column 1s 57 Sec. — o 29 


Remains 1 
1 the Interval is found to be 8®: = # which, becauſe the Moon was ſhort 
of the Oppoſition, muſt be added the mean ind” &c, 


7 


Of ASTRONOMY. 2B; 


Tax Table of Years before the Birth of Cuxisr, was chiefly calculated as an Aſſiſtant to 
Chronology, ſo far as relates to the Eclipſes of the Sun and Moon, from the Creation of the 
World; which is ſuppoſed to be in the Year of the Falian Period 4764, to the Birth of Chri/? : 
Which, according to the vulgar Account, was in the Year of the Julian Period 4713. But, 
according to the Account of ſome of the beſt Authors, our Saviour was born on the 9th Day 
of Oftober, in the Year of the Julian Period 4710. 

Now, if any thing remarkable did happen in any Year of the Julian Period before 4713, 
ſubſtract it from 4713, and what remains will be the Number of Years before CHRISH ). 
But, if you take the given Year of the Julian Period out of 4714, then there will remain 
ſo many Years before the firſt Year after the Birth of CHRIST. TM 

Tux firſt and fourth Columns of the Table for Years before or after CHRIST s Nativity 
are Radical Years, and the ſecond, third, and ſixth, are the Epacts and Motions of Latitude 
for thoſe Years, as the Titles over them may inform you. 


0 


To find the mean Time of a Comjun#ion or Oppoſition of the Sun and Moon in a grven Year and 
Month before CHRIST (1), or the Year of the Julian Period 4714. 


1. SUBSTRACT the given Year of the Julian Period from 4714, and if the Remainder be 
a Radical Year, ſuch. as you find in the firſt and fourth Columns, then take out the Epact 
and Motion of Latitude for the ſame, to which add the Epact and Motion of Latitude for 
the given Month; as you ſee is done in the firſt and ſecond Examples next following. 

Bur, if the Remainder is not a Radical Year, you muſt ſubſtract it out of the Radical 
Year that is next above it, as at the third Example, where the Remainder is 431; but this 
not being a Radical Year, I have taken it out of the Radical Year next above it, biz. 501, 
and the Remainder is 70: This done, write down 501 and 70, in ſuch Parts as you will find 

in the Table of Years complete, as.60.and 10, and. alſo the given Month, and againſt each 
ſet down the Epacts and Motions of Latitude (as you ſee at the third and fourth Examples) 
then collect the Epacts and Mations of Latitude into one Sum, reſpectively, and take the 
Sum of the Epacts to the Canon of Fulls and Changes. | | | 
Now, if you would know the mean Time of the Full Moon in the given Month, take 
the Sum of the Epacts out of the next Number of Days, Hours, Minutes, Ec. above it, that 
ſtand againſt the Word Full; but if you would know the mean Time of the New Moon. 
then take the faid Sum out of the Days, Hours, &:. that are next above it, that and agair:it 
the Word Change; and what remains will be the mean Time of the Full or Change, accord - 
ing to the Tables that thoſe Numbers were extracted from. Here obſerve, that in either 
Cafe you muſt add the Motion of Latitude, found in the Canon, againſt the Word Full or 
Change to the Surn of the Motions of Latitude belonging to the Year and Month given, 
and the Sum will be the Motion of Latitude for that Time. 


To find whether a given Year of the Julian Period be a Biſſextile or Common Year. 


SUBSTRACT it from 47123, and divide the Remainder by 4 ; if nothing remains, it is a 
Leap-Year ; but if 1, 2, or 3 remains, it is a Common Year. 

Or, thus: Divide any Year of the Juan Period by 28, and ſeek the Remainder in the fol- 
lowing Table; then, if you find but one Letter againſt it, that ſhews it to be a Common 
Year, and the Letter is the Dominical Letter for that Year ; but if you find two Letters 
ſtand againſt the Remainder, that ſhews it to be a Leap-Year, and that the firſt of theſe 

tters is the Sunday Letter from the Beginning of the Year to the 24th of February, and the 
other thence to the End of the Year. 285 | 
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100 Hours; but the Interval 
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11G | * | 15 C | | 

2.4.6 9|DC [16] B 23 G | 

31 D .[woj}B IAG [24] F.| 

41e 111A | 18 F 25 ED 

5 BA [12] G [19] E 2650 

6] G 113 FE 20 D ay} B 
ZI IAH ale [| a | 


By having the mean Time of a Full or Change of the Moon given, and the Motion of Latitude, ty 


find whether the Sun or Moon may be Eclipſed or not. 


Tax Moon may be Eclipſed when at the Time of the mean Oppoſition the Motion of La. 
48“ and 0* : 159 : 12“; and alſo between 5* : 14® : 48' and 
CCC EE | 1 3 So ; _ 

T3 Sun may be Eclipſed when at the Time of the mean Conjunction the Motion of the 

Moon's Latitude is between 115: 189: 385 and 0* : 200 : 41/ ; and alſo between $*:9%: 19" 

and 6 mr : 266955 3 5 5 5 

HERE you muſt obſerve, that theſe Tables do rarely give the true equal Time of a New 

Moon, or a Full, but only according to the Middle or mean Motion; for tho' ſometimes 

it may happen, that by them you may hit upon the true equal Time, yet at other Times it 

may be ſooner or later; and tho' it ſeldom exceeds 14 Hours, yet the Difference may be 
may be moſt ſpeedily found by the laſt Table before-going, as 


6 


* 


will be ſeen hereafter. 


R X. AN FP LR t. 


In the ſixth Year of the War between the Medes and Lydians, in the Year of the Julian 
Period 4113, there was an Eclipſe of the Sun upon the 20th Day of September, which was 
foretold by Thales of Miletus. This was the Year before Jehoiatim King of the Tews was 
{lain by NebuchadneZZar, 8 | 

The firſt Year of the Julian Period after the Birth of Chriſt was 


From which ſubſtract the given Year of the Julian Period . 115 

And the Remainder is a Radical Vear — 3 3 601 
Which is what you muſt calculate for: Thus, 

| Epacts. Mot. Lat. 
«;k —⏑τ⏑ꝗ̈f⁰ 
bor — fs 15 5 3 2 8 59. 58] 

- Sept. — 6 18 9. "20>... 5. 27. 56 
8 Sum ſubſtract. — — — 9 13 124 2 1. 
From the Canon (for a Change) — — — — 29 : r. I 5 jd # | 
Remains — — — — September — — e 4 30 51] 5 23 8. | 


Hence we find that the true mean Time of the Conjunction was upon the Twentieth 
Day of September at 3o/ : 51'/ paſt Three in the Afternoon. | 
Axp the Motion of Latitude being 5* : 23® : 58“: 8”, ſhews that an Ecllipſe of the Sun 


did happen at that Time; which confirms the Truth of Hiſtory in this Point. 


EXAMPLE 


* 8 G * ry ö - , 
23 * 5 ati it bs 9 O77 * +. 
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0 * 
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E X AMP L E 2. 


In the 20th Year of Darius on the th Day of November, in the Year of the Julian Pe- 


riod 4213, there was obſerved an Eclipſe of the Moon: Take this from 4717, there will 


| Epadts. | Mot. Lat. 


Radical Year cor — — 27 19 37 07 o 6 36 4 
November — — — 30 | 


8 
© _ Sum ſubſtan. — — |36 12 16 3210 13 20 30 
A full Moon from the Canon — — — 44 7 06 04 7 16 Oo 21 


Remains the mean Time of the Full November — 1 2 5 29 20 511 
And the Mot. of Lat. 5˙ 29% : 20“: 51“, ſhew that the ) was eclipſed at this Time. 


MORE EXAMPLE s. 
Ix Page 141, of the late Sir Iſaac Newton's Obſervations upon the Prophecies of Daniel, 
he ſays, That the Reigns of the two Kings Cambyſes and Darius Hy/tapis, were determined by 
three Eclipſes of the Moon, obſerved at Babylon, and recorded by Ptolemy, viz. 


One was in the Year of the Julian Period 4191, Fuly 164: 11. P. M. 

Another in the Year of the Julian Period 4212, Novem. 19 : II: 45' P.M. 
And the third in the Year of the Julian Period 4223 April 25 : 11 : 30 P. M. 

Tux firſt 4714 — 4191 = 523 before Chrift (1) and 601 — 523 = 78. - 
| | Epacts. | Mot. Lat. 


I TL on ER 


17 49 58 


A Radical Year 60x — — [2 15 3 3718 
b bo — — | 3. 7. 46-064 87 8 "0; 
18 — — [is 5 o 49/0 28 55 30 
3 „ — | 4035-460 4.4. 37 
Sum — — — 27 22 54 39 4 08 22 11 


From the Canon (a full ) ——— — 44 7 © 04|7 16 00. 21 


Full Moon July — — t 25011 24 22 32 


oy + 


% 
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Tux ſecond, 4714 — 4212 = 502 before Chriſt (1), and 601 — 502 = 92. 
| I Epacts. | Mot. Lat. | 


Cid: FL TIM. 


601 — — [2 15 3 3118 17 49 580 

00: — n 3s 1.3 93 

219 — — |8 20 12 qu 6 54 20 

November — — [8 16 39 25110 6 44 26 
Sum — — — 


| | „ % 149 4 38 1 
From the Canon (a full )) 


— 73 19 50 0608 16 40 35 


Full Moon November — — 19 10 0 54) 5 21 18 40 
Tu Motion of Lat. being 5*: 210 ; 187 : 49“ ſhews that an Eclipſe of the) was x 


this Time. 


Tas third 4714 — 4223 = 491 before Chrif (1), and 501 — 491 = 10. 
Oe . Mot. Lat. | 


LEE ::: 1 


30 


— — Þ7 19 37 J 6 36 49 
ff. 19 17 47 4:5: 44 a5 32]- 

„% 1.9.47 00.3; 3 4.19] 

3 Sum — — — 48 23 05 56 9 or 09 40 
From the Canon (a full ) S  — 50 16 40 35 


Toa the foregoing Examples we will add three more, as we find them in the Rev. Mr, 
Bedford's Hora Mathematice Vacue. 15 


Amos, Chap. viii. Ver. 9 and 10. . 
It fhall come to paſs in that Day, ſaith the Lord God, that I will cauſe the Sun to go down at Non, 
and I will darken the Earth in the clear Day, and I will turn your Feaſts into Mourning, and 
| ell your Songs into Lamantation. | . 
13 | | | 
'Tr1s Prophecy the Chriſtian Fathers have accommodated in an allegorical Senſe to the 
Darkneſs which happened at the Paſſover, when our Savicur ſuffered ; and others think, that 
it may be fulfilled in a litteral Senſe by three great Eclipſes of the Sun, which darkned their 
Days in the Time of their ſolemn Feafts, when all their Males were obliged to appear at 
Feruſalem before the Lord. And thus, as Thales of Mitetus was the firſt who foretold Eclipfes, 
by his Skill in Aſtronomy, ſo Amos amongſt the Jews foretold the Eclipſes of the Sun, by 
the Inſpiration of the Holy Ghoſt, {© | 


Tu firſt of theſe happened in the Year of the Julian Period 3923, June 24th, at the 
Feaſt of Pentecoſt. | | | 


Tus ſecond happened in the Year of the Julian Period 2943, November the 8th, in the 
Feaſt of Tabernacles. | 


AND the third in the Year of the Julian Period 3944, May 5th in the Feaſt of Unleavened 
Bread (all common Years), Np | 


THE 
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Tux firſt 4714 — 3923 = 791 before Griſt (x), and 801 — 791 = 10. OA WES 
| | Epacts. | Mot. Lat. | 


— — ir. + 24.231: -8. 55. 49 
10 — — [9 19 4r „ 22 22 
„ 1 4-5 - 3: 24 35 

4 

I 


Sum ſubſtract. — — 
From the Canon (a Change) 


34 9 26 ogio. 


* 48 46 
— [59 1 26 05 2 


20 28 


— 


New Moon, *—˙ 24 16 02 9 6 o 14 


And the Motion of Latitude o : 6%: of : 14 ſhews that the Sun was eclipied at that 
Time, . 


Tus ſecond 4714 — 3943 = = 771 Years before Chriſt (1), and 801 — 771 = 30. 
| Epadt. -.- Moe Lat. | 


17 f © Th he on 
| | 


. x. 7.24 33 5 $5 49 

20 — — fro 22 39 3110 15 37 3c 

10 — — {9g 17 41 47] 5 22 28 3: 

November — — 2 16 39. 70 6 44 2t 

Sum ſubſtract.— — 60 16 25 1603 23 46 | 

From the Canon (a Change). — — 59 1 28 05 2 1 20 26 


New Moon, November 8 1 2 5 5 25 06 34 


The Motion of Latitude XY 25 6 2 oY C Chews that the Sun was eclipſed at this New 
Moon. : 


Tax third 4714 — 3944 = * 770 TIP before Chriſt 1 and 801 — 770 = 31. 
| | N Epacts. Rao. E. 


803 —- — i 7 24 33 8 55 49 
20. . — '— 0 22 39 311 0 15 37 19 
$y. om M4974 7. 1 13. 37 
May — — | 21 3 5504 2 44 13 


From the Canon (a Change) —̃ — f 12 44 3} 2 40 14 
New Moon and © eclipſed, May —— —— 1 08... 


Bbb : By 


; By the foregoing Calculations we find that there were Eclipſes of the Sun and Moon at 
ſuch Times, as Hiſtory informs us; and this may ſhew how much Chronology is obliged to 
Aſtronomy. _ 8 18 | | | 


To prove whether the mean Times thus found are true or ſufficiently near the true Meang, 
you muſt find the mean Longitudes of the Sun and Moon, and if it be for a full Moon the 

Difference ſhould be 6 Signs; but if it be for a Change, then the Difference ſhould be no- 
thing but a ſmall Matter, ſach 'as a few Minutes or Seconds may be excuſed in this Part of 
Aſtronomy. Since, if it was the true mean Time it may differ from the true equal Time 
confiderably, as aforeſaid. 


Por an EXAMPLE. 
Wr will take the mean Time laſt found, viz. May 49 : 13: 26“: 57“ of the Year of 
the Julian Period 3944, which was 770 Years before Chri/t (1), as above. 2 
-- Then $00<= 979030 77 1 
1. FRoM the mean Longitude of the Sun and Moon for the firſt Year of Chriſt ſubſtrad 
the mean Longitudes of 800 (from the Tables of compleat Years reſpectively) and to the 
Remainders add the mean Longitudes for the Overplus, ſuch as 30 above, and alſo the 
mean Longitudes of the Months, Days, Hours, Minutes, Sc. as follows: 


PT 4à[9 Long. P 
7 * Q / iT #4 O F 77 | 
Firſt Radical Year of Chrif —— 9 7 53 10Chrift iſt — 4 3 $5 
From the Tab. of comp. Years 8600 lo 6 2 40 800 — 10 2 43 20 
Remains —— — 19 1 50 zo Remains — 3 29 19 35 
20 — [O o og og. 20— 4 13 34 05 
303 10 —— 11 29 34 56 307 10— 8 8 11 45 
May 4th — — |4 2 13 12/Mayq, - 0:12 3 22 
Hours 13 —— — | 32 02 flours 13 ——— 7 14 
Min. 26 — — 1 o. Min. 26 - 14 16 
Sec, 57 —— 0 oaðec. 7 1 O 31 
Mean Long. of ,0 —— — 4 20 32 Long. of » — 1 J. 20 48 


HERE we may ſee that the Difference between the mean Longitude of the Sun and Moon 
is but 4 Seconds, therefore we may conclude the mean Time is found ſufficient near the 
Truth. . 11 og EM b 


To find the mean Times of the Fulls and Changes of the Moon for any Year of Chriſt. 
CoLLECT the Epacts and Motions of Latitude for the given Year and Month into one 
Sum reſpectively, and take the Sum of the Epacts to the Canon of Fulls and Changes, and 


then go on as you did for Years before Chri/? ; but if it be a Leap-Year take 1 from the 
Number of Days thus found, — 


EXAMPLE. 
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E X% A M P L. E. 


Ler it be be to find the mean Time of che 9 of the Sun and Moon in 


December 1749. ö 


| Epads.” * Mot. Lat. 
"Oy 7 5 re 7 
1741 — — I 21 5 11 8 2 29 25 
3 34 5 42 45 
December — — 3 5 = 7 24 45 
Sum ſubſtr. — — . E 4 6 8 
From the Canon (a Full) — is 2 43 39) 0 ©. * 2 
Full Moon December — — 06 27 5 22 17 
Taz Motion of Latitude is 5* : 229: 17“: 29“ ſhews that the Moon will be eclipſed 
tt this Oppoſition. 1 


To 2 the mean Times of the Fulls and Changes of the Moon, and alſo when an Ee lipſe of either 
the Sun or Moon may be erpected at fuch Times throughout the whole Year. 


To do this you muſt firſt find either the Full or Change that happens next to the Begin- 
ning of the Year, and alſo the Motion of 2 


For an EXAMPLE. 


Wx will take the Year 1749, and, calculating as above, you will find that a new Moon 
will happen next the Beginning of the Year, viz. upon January the Ich at 39 * „51 paſt 3 
in the Afternoon; and that the Motion of Latitude will be 11: 29? : 32“: 37". 


Now, if to theſe Times you add 144: 18: 22: 20 continually, and to the Motion of 
Latitude 6* : 150: 20“: 7” to the Year's End, you may form ſuch a Table as follows; 


72 you may obſerve ce ſeveral Motions of Latitude, and how many are within the Bounds 
of Ecliples. -- 


January 


f ASTRONOMY, 


. Times Mot. Lat | = 
07% -> 7 "n 7 1 | | 
— 7 3 39 $51 29 32 371 New ) O Eclipſed, | 
CCC 14 $32 af ell 3 je "4 
5 16 23 55 x 0 12 51] New ) - 
= | 20 10 45 57 7 15 32 58 Full » | 
[March ——- 3 50 2 o 53 o5| New » 
T4 Y 41 23 30 2 8 16 13 12] Full » 
— — — — — — 
* 17 52 33 1 33 1 New » 
8 20 2 4s HY 10-33 26 Full ) | 
[Hy — ——|5 6 $0. v1 2 13-3 New 5 | | 
20 o 58 9/0 17 33 40 Full 5 
June —— 3 19 20 15 2 53 4% New 93 | 1 
18 13 42 13/1 18 13 54 Full y | » Eclipfed. 
C 8 4 156 3 34 l New » | © Eclipfed. | 
* | 118 2 26 17 F 1 "Nt 9 Full . 
n,, , EORS. 200ak — — f 
Auguſt —— 1 20 48 19 7. 4 14 15] New » 
„ s xx. „ Y 221 Full 
16 15 10 210 1 19 34 22 3 
31 9 32 238 4 54 20% New » | 
September i; 3 -$4 2% 2 20 14 26} Full » | 
5 429 22 16 219 5 34 43 New ) 
[October ———[14 16 38 29 3 20 54 500 Full : } 
EAN % 11 © 3310 $34 NOI: | | 
Pome . 1 4 22 39.4 „ 35" QiWll o | 
85 27 23 44 35 T1 0:55 18 ew 7 
[December 12 18 6 37 5 22 15 180 Full » F » Eclipfed. 
us 27 12 28 39 0' 7 35 25 New 5 


O Eclipſed. 


To find the Time of the true Cunjunction or Oppoſitien of the Luminaries. 


To the Time of the mean Conjunction or Oppoſition of the Sun and Moon, found ac- 
: cording to the preceding Rules and Examples, calculate the true Place of the Sun, and that 
of the Moon in her Orb; and if the Moon's Place is directly the ſame or oppoſite to the 
Place in which the Sun was found, then you have the true equal Time of the Conjunction 
or Oppoſition ; but if at this Time they differ (as moſt commonly they do), take the Diffe- 
rence to Flamſtead's Table of the Hourly Motion of the Moon from the Sun, and by that 
find what Time anſwers to the ſaid Difference ; which being obtained, add it to, or ſubſtract 
it from the mean Lime, according as the Moon is ſhort of the true Conjunction or Oppoli- 
tion, or is paſt it. Then again, find their Places for the Time given by the Sum or Remanen' 
| when, 
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when, if they are in the ſame Sign, Degree, Sc. or juſt oppoſite, you have the true equal 


Time; if they yet differ, proceed with the Difference as Lefore, until you have the true 
equal Time. 


For an EXAMPLE. 


WE will take the full Moon that is to bet in December, 1749) the mean Time being De- 


cember 124 18 : 67: 37“ 
Interval ſubſtract — — . 


66＋— — 


Remains the equal Time of the true Oppoſition == 11 2 6 nd 4 2 5 


n 


At which Time the Sun's Place is 


5 1 . — 9* 20 14 x 70 

And the Moon's Place in her Orb — 8 3 2 14: 53 
True Place of the Node ſubſtract. . 3 9 10 13: 57 
Remains the Argument of Latitude 3 — 5 22 : „ ©» 
True Latitude N. D. 1 . 43 : 56 
Reduction add BE PU 1 48 
The Sum is the Moon's true Place in the Ecliptic — 1 1 * 1 142 
Oy Motion of p 4. © - 3 31 : 46 

2 ñ add: tn nm | 4349 


The Time of Reduction apply'd to the true equal Time according 


to its firſt Title FIT, 8b: o: 34 


Give the equal Time of the Middle of the Eclipſe "BEE 12 :8 4 237 
And apply'd contrary to its firſt Title, ou the equal Time of 2h EH” ; 


true Ecliptic Oppoſition = —— 7 856 :45 
Equation of Time fubſtract. — 0: 16 
Remains the apparent Time of the Middle of the 3 — 12 8 4 0 
Apparent Time of the Ecliptic NN — — i.. ̃ 7˙ N 5 
Mean Anomaly of © — 5* 23: 587 2:28” 
DET £ | RIA Ace 9 13 37 09 

The Horizontal Parallax of » — 56: 49 
of © (always)  —— — 0: 10 
Their Sum — — 56: 59 
Semidiameter of O ſubſtract | — 16: 22 
Remains the Semidiameter of the Earth's Shadow 40:37 
Semidiameter of ) add 18: 32 


dum of the Semidiameters of the Moon and * > th's Shadow — 59 : 09 
True Latitude of ) ſubſtract — 
Remains the Parts deficient 


**. 


HERE obſerve, that becauſe the Parts deficient are leſs than the Moon's Diameter, vis. 
37 ': 4“ it ſhews the Eclipſe not to be total; but when they are equal, then the Eclipſe will 
be total without Continuance. Bur if the Parts deficient are more than the Moon's Dia- 
meter, then the Eclipſe will be total with Continuance. 


Ta find the Digits Eclipſed. | 
SAY, Fi "ne L. L. 
As the Ctr of D = | 


— 13 5102 

Is to 6 Digits — — 10000 
So are the Parts deficient —— — rs 13 5958 
To the Digits Eclipſed —— —ͤ— 4* : 55 34 10856 


Cce ; EE 
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E find the Scruplis of Intidence, or Half. Duration. 
VU 1 E 


Takx the Logarithms of the Sum and Difference of the Semidiameters of the Moon 
and Earth's Shadow, and of the Latitude of the Moon ; the Half Sum of the two Logarithms 
is the Logarithm of the Scruples of Incidence or Half Duration. 

Sum of the Semidiameters $9": 9f = 3549" 
Latitude of) 43 56 =. 2636 


. "I Log. 

Sum * e 185 3-791 
Difference e 913 | 439947 
Sum of the Logarihm — 6.751870 
Half is the Logarithm of 2377 S 39“: 37" — 3.375905 

Fox the Time of Incidence, ſay by Street's . Logarithms; | 

As the Hourly Motion of ) a © = 31 : 46“ — — 2762 

Is to 1 Hour, or 60 Min. — — — 0 
So is the Scruples of Incidence 30 37 2 — — — 1803 
To the Time of Incidence, or Half Duration 1* : 14“: 50“ — — 959 


SUBSTRACT this from the apparent Time of the Middle of the Eclipſe, what remains will 
be the Beginning ; and, being added to it, will give the End of the Eclipſe. Thus, 
Apparent Time of the Middle of the Eclipſe, December 12" : 8b: 4/: 77 


Time of Incidence ſubſtract, and add — re or 
Remains the Beginning | December 12 : 6 : 49 : 18 
The Sum is the End — 1 9 175 56 

| Whole Duration — 5 — — 32 29 . 38 
Digits Eclipſed — 4 6 N 


To delineate the Eclipſe. 


1. TAEE the Argument of Lat. and Hourly Motion of ) 4 © to the Table of the Angle 
of the Moon's Way with the Ecliptic, and thence take out the Angle which you will find 
% 8 18 | 
4 1 Line EB for an Arch of the Ecliptic, and upon C ere& the Perpendicular 

Ce for the Axis. „ pee Es 5 
3. TAKE in your Compaſſes, from a Line of equal Parts the Sum of the Semidiameters 
of the Moon and Earth's Shadow = 59' : 9”, and ſetting one Foot at C, with the other 
draw Ee B. a 

4. FRom the ſame Line take the Semidiameter of the Earth's Shadow = 4o/ : 37“, and 
ſetting one Foot in the Centre C, with the other draw the Semicircle dub, which will repre- 
ſent half the Shadow. | | = 
5. Maxins Ce the Radius of a Line of Chords, by a Sector lay off the Angle of the 
Moon's Way 5® : 39“ from e tos on the Left-hand from the Axis of the Ecliptic (becauſe 
the Moon's Laut is deſcending) and draw the Line Cs. 

6. TaxE the Moon's Latitude 43“: 56”, and ſet that from C to e, and through » at 
Right Angles to Cs draw the Line wor for the Moon's Way. 


7. TAKE 


J. TAKE the Semidiameter of the Moon 18: 
Centers n, o, w, draw three Circles to 
End of the Eclipſe. 


32“ in your Compaſles, and upon the 
repreſent the Moon at the Beginning, Middle, and 


- 


2 


C 


C 
Note, That this was drawn from a Line of 35 equal Parts in an Inch. 


h EXAMPLE of a total Eclipſe of the Moon, that is to be in February, 1747, according 
150 the following Calculation. | gt 


= OS Epadts. Mot. Lat. 

CCC 

1741 — — 23 21 45 110 5 22 29 24 

6 — — Ts 1.40 1-3 19 37 10 

February — — [I II 15 1I5]x Oo 43 25 

Sum — — — — — 31 p 41 25110 12 49 59 
From the Canon (a Full )) — ß 47 0 « it 
| Mean Time of the Oppoſition, February — — 113 4 24 39 5 28 50 20 


Tux Motion of Latitude 5* 280 50': 20” being between the Limits 5* 90 197 and 
6% 119: 12“ ſhews that an Eclipſe may be expected at this Full. 


The mean Time 1747, February iy 4: $6: 26” 

Interval add 5 — 3 
The Sum is the equal Time of the true Oppoſition — VAT 
At which Time the mean Anomaly of) is — — 3: 21*: 22 88 
of O — — 7 ': 20-14 5 2306 

The Sun's true Place — II : 6: 18 : 04 8 
The Moon's Place in her Orb — — — I 
True Place of the Node ſubſtract — — — Iz: 3 N : 35 
Remains the Argument of Latitude — — „ 00 
True Latitude of ) South deſcending — — 5 : 49 
Time of Reduction ſubſtract and add —äͤ— — 0: 28 
Remains the true equal Time of the Middle — — 17 © 
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| The Sum is the equal Time -of the Ecliptic 9 — 


Equation of Time ſubſtract 


Remains the apparent Time of the Middle 

Apparent Time of the Ecliptic Oppoſition — 

Hourly Motion of) — 

Hourly R Motion of » 4 on — — 

Horizontal Paralie of) — PETIT ERR 3 
Horizontal Parallax of © (always) 3 3 
Their Sum is — — 3 
Semidiameter of O ſubſtract — 1 
Remains the apparent Semidiameter of the Earth's Shadow — 
Semidiameter of) add * 


The Sum is the Semidiameter of the Moon _ Earth's Shadow 


Latitude of) ſubſtract — 1 
Remains the Parts deficient — „ 1 
Digits Eclipſed — — „„ 


HERE the Parts deficient being more than the Moon' s Diameter 310 


Eclipſe will be total with Continuance. 


Scruples of Incidence or Half Duration 
Time of Incidence (found, as in the laſt Example) 


In Total Eclipſes, inſtead of the Sum of the Semidiameters of the Moon and) 
Earth's Shadow, you muſt take their Difference, and with that and the 
Moon's Latitude proceed to find the Scruples of Half Duration in Total 
Darkneſs, as you did the Scruples of Half Duration of the whole Eclipſe, 


that will be 
And the Time of Half Duration in Total Darkneſs will be 


Theſe Times being ſubſtracted from the apparent Time of Middle of the | 
Eclipſe, and added to it, will ſhew the Beginning to be at — 


Beginning of Total Darkneſs — — 3 
End of Total Darkneſs ʒ—E;::? T  _—_ 
End of the Eclipſe — — EN EN Ft 
Continuance in Total Darkneſs — e 3 

Continuance of the whole Eclipſe — — — 


Siam of the Semidiameter of the Moon and Earth's Shadow IB= 
Semidiameter of the Earth's hhadow — ᷑— IF = 
Semidiameter of the Moon 
The Angle of the Moon's Way with the Ecliptic 50 427 
= D Ja ſet from the Axis of the Eclipt. at D to 4 to- 
' wards the Right-hand, becauſe the Moon's Latitude is 
deſcending —— | 
The Latitude of the Moon is SD —.— — 17 
Drawn from a Line of 40 equal Parts in an Inch. a 


158“ ſhews that the 


57.58% 
48 : 20 


G 
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D 
| Obſerve the Directions for Drawing the laſt Figure. 


To find at what Point of the Moon's Way her Center is at any Time during the Eclip/e. 


1. TRE Middle, or Time of greateſt Obſcuration, is at 13“: 35 after 5 in the Morning 
6” 


of the 14th Day of February, and the Hourly Motion of ) 4 © is 32: 1 Now fay, 
If 1 Hour, or 60 Minutes, | | 


Gives a Motion of 32: 6'' — 2716 
br L 


What will 13: 33 —? 6451 
Anſwer ' — 716 — 9167 


2. TAKE J: 16” in your Compaſſes, from the ſame Line of equal Parts, and ſet that 
from x (towards n) to 5, for the Place of the Moon's Center at that Time; this Point being 
found, take 32“: 6” the Hourly Motion of ) 4 O, and lay that Extent both Ways, from 
5 to 4, and 6, and, if you pleaſe, from 4 to 3, and from 6 to 7, for whole Hours; and if 
you would put on Half Hours, then take 16' : 3/7, and lay that from 5 both Ways; ſo will 
You have Half an Hour after 4, and Half an Hour after 5; and, in like manner, you may 

y down any Time leſs than Half an Hour. | 


To calculate an Eclipſe of the Sun. 
Our Example ſhall be that in Jul, 1748. 


DS Epacds. 


2966 Of ASTRONOMY. 


1 ; * 5 


Epacts. Mort. Tat, 
„ 1 Q +» / n 
T 22 29 
—_  -- v3 03 7 28 
9 — 13 0 35 89 4.4 
"a - —— ͤ « 8 303-44 1 
From the Canon (a New )) — — 59 Cf 


The mean Time of the Oppoſition July — — 4 23 I5 32l 5 25 34 22 


From which take 1 Day for Leap Vear, and then it is 72 — 13˙: 235 157: 
Interv] add 14 
The Sum is the true equal Time of the Conjunction in ) Orb, July 13: 23: 20: 


The Sun's Place for this Time is * 21 42 
The Moon's Place in her Orb — 4: 2142 
True Place of the Node ſubſtract — — 10: 7: 46 
Remains the Argument of Latitude — — — 5:24: 55: 
The true Latitude N. D. — — a8 - 
Reduction add —— £7 
The Sum is the Moon's Place in the Ecliptic — 14 2 43 
Hourly Motion of © = „ — . 
Horizontal Faralar of » | — 8 — — 53 


Now to find the Hourly Motion of the Moon. : | according to Mr. Brent. 


The mean | How! of ) is 6 . 337: 33“ 
And the mean . Parallax of) is — — 57 70 
The Difference between this and the preſent Horizontal Parallax is — * 3 = 213” 


— 


Multiply this Difference in Seconds 213 by 1. 12, and the product is 
238.56 which divide by 60, and the Quotient 4 fere. Now be- 
cauſe the preſent Horizontal Parallax is leſs than the Mean, this 4 
muſt be ſubſiracted from the mean N Motion 33 © : 33”, and the E 

Remainder is 29” : 33” for the Hourly Motion of rom which 

take the Hourly Motion of © | — | 


| And: the Remainder is the Hourly Motion of 504 © 27 : 

3 By which the Time of Reduction (contrary to its firſt Tide) is ſubſtract. 2: 52 | 

: Ihe equal Time of the true Conjunction is — 23: 20 : 18 

Remains the true equal Time of the Echptic Conjunction — 23:17: 26 
Equation of Time ſubſtract es " 57 "WY 
Remains the apparent Time of the Ecliptic Conjunction — 23 : 11: 26 
Which in Degrees of the Equinoctial 8. >. 347*: 51 : 30 

The Sun's Place for this Time is 4: 29: 417: 55% and R. A. 124: 59 : O 
"The Sum (want. 360) is the R. A. of M. C. 112: 50 : 30 
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The R. A. of M. C. being more than go®, and under 1809, ſhews 
that this Caſe falls under the Second Variety, where the Ecliptic inter- 
| ſects the South Part of the Meridian between the Equinoctial and 
Zenith. See the Figure for that Variety in which r æ re be called 6. a 
1120: : 50“/: 30“ and A its Supplement = 67: 9 : 30”, Now 8 2: : 53 
in the Triangle 2 ö Right-angled at ©, you have 3 = 67% 9! 
zol, and the Angle hg = 23* : 2905 By theſe you will find 2b 


= 0®: g3'= PR WOE” OY 
Take this from 6 Signs, and you have M. C. in the Ecliptic ——— _ $i ar 57 
The Meridian Angle KE = ——_ — —_— ——— 1 5 
The Declination of M. C. North = be ſudſiract — ä — 21 : 40 
Latitude of London = = SST = | —— . -- c—_ 5 = 32 | 
Remains the M. C. a Zenith = = 2 29 © 52 
In the Triangle z bv, Right-angled at v, you have 26 and the Me- 
ridian Angle 2bv = 819 : 6'. By theſe you will find bv = $*:5', 
take this from the Place of M. C. in the Ecliptic 3* : 219: 7), and 5 3 : 16 : 02 
there will remain the Place of the Nonageſſima in the Ecliptic, re- 
preſented by r v_ Sins. Indie” hiokbe, annes «ds 
The Sun's Place — —— — — 3 4: 0 41:55 
Nonageſſima Degree „ 16: 29:55 


The Side 20 = 29? : 28), and its Complem, is the Alt. of the 2 Degree bo 32 
The Horizontal Parallax of D 2 O is | 


To PEP the Moon's Pallar of Longitude. 


App together the Sine of the Altitude of the Nanageſſima Degree, and the Sine of the 
Diſtance of the Sun from the Nonagr/ſima Degree, then ſubſtract their Sum from the Logiſtical 
Logarithm of the Horizontal Parallax of the Moon from the Sun, and there will remain the 
Logiſtical Logarithm of the Parallax of Lengitude. 


The Horizontal Parallax of ) 2 © 53/: 477  —— — — L.L. 475 
Altitude of the Nonageſſ ma Degree 60 32“ ſine — — 9.939840 Y 
Viſtance of the Sun from the Nonageſſi ma 169: 400 ine — 9457584 0 
= Sum —.— . 9.307424 
Remains the L. L. of the Parallax of Longitude 13“: 2610“ — — 6501 5 


+ find the Moon's viſible Place. 


IF the Cds be between the Aſcendant and the Nonageſſi ma Degree, the Parallax of Lon- 
12 muſt be added to her true Longitude in the Ecliptic. But if ſhe be between the 

Nonageſſi ima Degree and the Deſcendent, the Parallax of Longitude muit be ſubtracted, the 
dum or Difference will be the viſible Longitude of the Moon. 


The Moon in the Ecliptic — e 43˙ 22 
Parallax of Longitude add — — — 83. 
The Sum is the Moon $ viſible Place — — "442 3400-300 


7 


To find the Parallax of Latitude. 
From the Logiſtical Logarithm of the Horizontal Parallax of the Moon from the Sun 


ſubſtract the Coline of the Altitude of the Nonageſſima Degree, the Remainder Will be the 
Logiſtical Logarithm of the Parallax of Latitude. att Os 5 


The Horizontal Parallax of the Moon from the Sun 53“ : 47” ... 
Altitude of the Nonageſſima Degree 60 32 / Co- ſine — 9.69179 


Parallax of the Latitude (South) 26“: 28k'-ũ —Tͤʒ 3556 


— 


9 5 | To find the viſible Latitude. | 
Hayrys found the true Latitude of the Moon, and Parallax of Latitude (which Parallax 
in theſe Northern Parts is always South); then if they are both of one Name, that is both 
North, or both South, add the true Latitude and Parallax of Latitude together, 
Bur, if one be North, and the other South, ſubſtract the leſſer from the greater, and the 
Sum or Difference will be the viſible Latitude of the Moon, either Northward or Southward 
which you may know by the Name of the greater, for the viſible Latitude will have the 
ſame Name. | | | > 
In this Caſe the true Latitude is N. D. 
And the Parallax of Latitude South  ——_ r — "26 : 8 


The Difference is the viſible Latitude N. 


Note, That when the Sun's Place is leſs than the Nonageſſima Degree the Luminaries 
appear more Weſt than the Truth; but if his Place be greater, then they appear more Eaſt, 
according to the Quantity of the Parallax of Longitude. | | 

Wren the Sun's Place is greater than the Vonageſſima Degree, the Eclipſe happens in the 
Oriental Quadrant; but if leſs, then in the Occidental. 

In this Ecliptie the Sun is in the Oriental Quadrant of the Ecliptic, or on the Eaſt Side of 
the Nonageſſima Degree; therefore find the Requiſites for 1 Hour before the apparent Time 
of the true Ecliptic Conjunction. 0 33 e 

Bur, if it had happened in the Occidental Quadrant, or on the Weſt Side of the No- 
geſſima Degree, then for 1 Hour after. CG 

One Hour before the apparent Time of the Ecliptic Oppoſition — 22 . 11“; 26" 

The ſame in Degrees of the Equinoctial - — 3320 51 : 30 

The Sun's Place then 4* :2? : 39: 32“ and his R. KA. 124 36 32 


The Sum want. 360 is the RA of MC 


— 


See the Fig. for the Second Variety, in which let r be 972 : 48”: 22/', then its Supplement 
will be = 829 : 11“: 38“. By this and the Angle ) & = 23? : 29", you will find 
. b = 82? : 5o' = 2*: 22* : 50"; take this from 6 Signs and the Remainder is the Place 


of the M. C. in the Ecliptic - 3 — JP: 7% 10 
The Declination of M. C. North = b #- = — — — 23 : 
Altitude of the Equinoctial at London xk —— —2 — — 38 : 28 
Altitude of M. C. = 3 ĩðVd 0 ——Tßꝓꝗ —⁵ . —U— —: br : 45 
M. C. a Zenith bz = — ̃ — Ü— — . ng" 28 : 15 

Meridian Angle a x — — — — — — 86 : 54 
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Is the Triangle 5zv we have b = 289: 15/ and the Meridian Angle Z U = 869 : * 
By theſe we find bv 10: 39's take this from the Place of M. C. in the Ecliptic, and there 
will remain the Place of the Nonage//ima Degree — 3: 59: 31 

The Sun in | 4 : 2 : 39: 32% 
Diſtance of the Sun from the Nonageſſima Degrees  ——— 22. 1 087-752 


T pon . — its Complement is v x the ee erden 5 5 4% 
1 he Horizontal Parallax of) a © — — — 53“: 47“ 3 
The Parallax of Longitude at this Time is — x. iis ? a 78 
The Parallax of Longitude before found wnwas — —— . 
Their Difference (the Parallax of Long. decreaſing) ——— — =" 1 


To find the viſible Hourly Motion of the Moon from the Sun. 7 


I. Ir the Eclipſe happens in the Oriental Quadrant of the Ecliptic from the Noxage/ſima 

Degree, and the Parallax of Longitude decreaſe, ſubſtract the Difference of the Parallax of 
Longitude (in one Hour or any leſs Time, as you think convenient) from the true Motion 
of the Moon fram the Sun m that Time. But if the Parallax of Longitude increaſe, add 
the ſaid Difference. 8 os _ 

2. Ir the Eclipſe happens in the Occidental Quadrant, and the Parallax of Longitude de- 
creaſe, add the Difference of Parallaxes to the true Motion of the Moon from the Sun. But 
if the Parallax of Lengitude increaſe, ſubſtract it. „„ oa 53 

3. Ir the Eclipſe happens in the Nonagefima Degree, ſo that the Beginning falls in the 
Oriental Quadrant, and the End in the Occidental; ſubſtract the Difference from the Motion 
yl 5 Moon from the Sun, and you will have the viſible Motion of the Moon from 

un. 3 | | | | 

The Hourly Motion of 9 4 © is _ 

And the Difference of the Parllaxes ſubſtractayↄę . —2 — 8: 12 


Remains the viſible Hourly Motion of 2»ꝛ0 — — 18 58 


70 find the Interval between the apparent Time of the true Ecliptic Conjunction, and the apparent 
: : Dime of the viſibis Comj unction. 


Sxrv, As the vifible Hourly Motion of » 4 © 187: 58“ I. LI.— 3502 
| IsS:to 1 Hour or 60 Minuts— —— —— o 
So is the Parallax of Longitude firſt found 13: 25 L. L. — 


To the Interval requir dd 42 : 30 L. L. 1498 


WREN che Eclipſe happens in the Oriental Quadrant, as in this Example, you muſt ſub- 
firathe Interval from the apparent Time ef che true Eeliptic Conjundtion; but, in the Oc- 
-erdental; add it. - 

Fhe apparent Time-of-the true Ecliptic Conjunction July —— :13*:.23*: 117: 26” 

Interval ſubſtract | : 

Remains the apparent Time of the viſible Conjunction — 22 : 28 : 56 


133 — — 


. —— 2 O 


AL r F 
, l 
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The apparent Time of the viſible Conjunction in Degrees — 337 1 47 on 
Sun's Place 4 2* 40“: 14“, and his R. A4A.— — 124 : 57: 36 
The Sum want. 360. is the N. A. ef M. G. 19 n 36 


1 — 


Let this be repreſented by 1 in the Figure for the Second Variety, then its Supplement is 
c = 779 : 48' : 24”, the Baſe of the Triangle «b&, in which you have alſo the Angle 
br = 230 29%. By theſe you will find ab = 78“: 4% = 2": 18® : 47", which take 


from 6 Signs, and the Remainder. is the Place of M. C. in the Ecliptic — 3“: 119: CY 
I he Declination of M. C. = b North — 22 : on 
Altitude of the Equinoctial at London = t &© = — n 3 : 28 
M. C. Zenith = ? — ORDER 28 . 31 
The Meridian Angle : b 4 = zbv — — a 8 : 10 
Now in the Right-angled Triangle 2b you have 2b = 28 15, and the Angle 205 
| = 86®: 54/ ; by theſe you will find þ» (ſubſt,) —— — 29 3) 
M. C. in the Ecliptic | — . 3': It 13 
The Place of the Nonageſſima Degree in the Ecliptic  —— 3: 8 : 3% 
The Sun in : — C 4: 2 40 
Ihe Diſtance of the Nonageſſima Degree from the Sun — "+." 206 -1 


And the Side z-v = 28® : 24' the Complement is the Altitude of * 5 
Nonageſſima Degree = kx — — — — 9 1 36 


The Horizontal Parallax of D 3 O is 3 


e eee 53475 

Parallax of Longitude IT nas ET — I9 : 17 
Now ſay, As 60 Min. or 1 Hour — RE 3 0 

Is to the Hourly Motion of ) 4 © = 27“: 10” — 3441 

So is the Interval „„„§Ü⁵»/ 3 — 1498 

To — — 19 : 15 —— 4939 


Tuis ſhould have been the ſame with the Parallax of Longitude 19': 17”; but as the Dif- 


ference is only 2', you may conclude that the apparent Time of the viſible Conjunction is 
found ſufficiently near the Truth. N | 3 


To find the viſible Latitude of the Mam at the "Time of the viſible Conjunftim. 


App the Parallax of Longitude at the viſible Conjunction to the Motion of the Sun, 
agreeing to the Interval between the apparent Time of the Ecliptic Conjunction and the ap- 
parent Time of the viſible Conjunction; then, if the Eclipſe happens in the Oriental Qua- 
drant, ſubſtract the Sum from the Argument of Latitude at the Time of the true Conjunction. 
But, if it happens in the Occidental Quadrant, you muſt add it, and the Difference or Sum 

will be the Argument of Latitude at the Time of the viſible Conjunction, by which find her 

true Latitude. According to this you will find her true Latitude to be —— zo: 3" 

_ Parallax of Latitude — — 


| — 2535 
Tne Difference is the viſible Latitude at 22: 28: 56" —— 4 : 28 


The viſible Latitude at the apparent Time of the Ecliptic Conjunction 23: 117: 26! was 
1': 32”, Hence we find that this vifible Latitvde 47: 28” is N. D. — _ 
: „ 


* 
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T To find the Quantity of a Solar Eclip. 
By Help of the mean Anomaly of the Sun at the viſible Conjunction (o-: 250: 10: 5 


; you'll find his Semidiameter to be —— — 15 ˙⁰%C⏑ͤ 95 
And the Semidiameter of the Moon FFC 5 
Their Sum is — . 3 . "2 a » 
The viſible Latitude at the viſible Conjunction ſubſtract e 4 2 
Remains the Parts Deficients FW 8 8 PEI alt. 

Now ſay, As the Semidiameter of the Sun x 5' 2: 49“ — js 1.5 5790 
Is to 6 Digits | ev * 3 10000 

So are the Parts deficient —— 26 : 8 — 3610 

13610 

To the Digits Eclipſed 99 33 — POSE AR PE — 9820 


To find the Scruples of Incidence. 


To the Semidiameter of the Moon add the Semidiameter of the Sun, both in Seconds ; 
and to that Sum add the viſible Latitude of the Moon (at the viſible Conjunction) in Se- 
conds, and alſo ſubſtract it from the ſame. Then take the Logarithm of the Sum, and 
alſo of the Difference; ſo ſhall Half the Sum of theſe two Logarithms be the Logarithm 
of the Scruples of Incidence. But, if the Eclipſe be Total, then for the Scruples in Total 
Darkneſs, you muſt take the Difference of the Semidiameters of the Sun and Moon, inſtead 
of the Sum, and go on with that and the viſible Latitude, as above. | 


Semidiameter of the Sun — 1 . 497 = 949“ 
Semidiameter of the Moon — 14 : 47 = 887 


Sum - 1836 
Viſible Latitude of the Moon 4 : 28 = 268 | 
88 — — — 2104 Log, — — 3.323046 
Difference Fp 1568 Logar. 85 — 3.19534 


| | 6.518392 Sum 
Half the Sum is the Logarithm of 1816 = 30' * 16 7. Scrup. of Inciden. 3-259196 


— — — 
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To find the Middle, Beginning, and End of the Eclipſe. 


Tax the viſible Latitude of the Moon 4: 28” to the Table next following, and thence 
take the Numbers anſwering thereto, which you'll find to be 22; theſe, becauſe the Lyti. 
tude is deſcending, muſt be divided by the viſible Hourly Motion of the Moon from the 
Sun for one Hour after the vifible Conjunction (elſe by the vifible Hourly Motion of the 
Moon from the Sun for one Hour before). | 1 


: — — —Lṽ ũ᷑— 
A TazIE of the Di- 
ſtance, or Motion of 
the Moon from the 
Conjunctlon to the 
| greateſt Obfcuration. * 
Vighle Lati- Diſtan. from 
tude of the] the Con- 
Moon. junction. 
10 - 55 
4 V.. I q 0 | 5 1 
„„ 
0 5 0 25 
„ :© $65 
© 5 47 17 
1 43 
| O 30 2 34 
—_— 7 
0 404 .3 25 | 
8 454 3 50 
0 304 4 15 
oO 534 4 47 
4 Oo 5 7 l 
F::- 7:84 $ 4334 
1 SS 13 574 
13 16 24 
1 1 6 49 
I „ 
— 1 1 5 
mn 7 4 + 
1 1 8 207} 
I 33 


Sour: | Aſcending ſubltract 


a I Deſcending add 


ONE 
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Od E Hour before the viſible Conjunction 211: 28“: 56“ in Degrees | 3229 : 14/: 0! 
Sun in — 4** 2% 37%: 51” and R. A. — — 124 : 55 : 8 
The Sum want. 360 is the R. A. of M. C. = : - — 87 : 9:8 


See the Fi igure for the Fir/t Variety, in which let ræ be 870: : 97 8 8 the Baſe of the 
Richt- angled Triangle 7 &b ; by which, and the Angle bræ = 25* : 2 297, you will find rþ = 
87: 230 the Place of the M. C. in the Ecliptic, which is EP 27 uY 


The Declination of M. C. North = 32 


— 27 : 28 
Altitude of the Equinoctial at Lind = —= t& add —— 3 38 28 
Altitude of M. C. = 76 Ss) 1 61 : 56 
M. C. 4 Zenith = | eZ 28 : 04 
Meridian Angle rb = zZby = —— — 88 : 52 


Now, in the Right-angle Triage zvb you have 25 = 289 : 4/, and the Meridian 
Angle 2 U = 88* : 52“ to find | | 


1. The Diſtance of the Nonageſſima Degree Hon M. Go that i 1 = — oe: 36/ 


M. C. in the Ecliptic | * 1 29 : 23 
The Nonageſji ma Degree at v in — a2 16 
The Sun's Place c . — 411 04 3 
Nonageſſima Degree 4 © = 34% : 30 — — 1 


2. The side 2y = 280: 4's than the Altitude of the Nona. Deg. is vm = - 61® : 56/ 


The Horizontal Parallax of ) 4 © is —— 53“: 47 
Parallax of Latitude — — 25 : 18 
Parallax of Longitude | 26 : 50 
The Parallax of Longitude at the viſible Conjunction was found to > be — 19 17 
Difference of Parallaxes (decreaſing) ſubſtracrt— e 7 42 
Hourly Motion of ) 4 © — — — — — — 27 : 10 
Remains the viſible Hourly Motion of ) a © — — — i9 : 28 


One Hour after the viſible Conjunction 23" © 28“: 56 1 in n Deg. — 35: 14': oO 
© in 4* : 2% : 427: 37“ and his R. A. 125 :'00 214 
Their Sum want. 360®, is the R. A. of M. C. „„ 


Let this be repreſented by & in the Figure for the Second Variety, the PTE of 
Which is = the Baſe of the Triangle ba — 652 3 4546 


By this and the Angle b = 230 29“ you'll find da == 64:43 =2* 14%: 47, which 
take from 6 Signs, and you have the Place of M. Gy in the Ecliptic = „Cb 


The Declination of M. C. North = be 


wie 23-3 
Altitude of the Equinoctial at London = te —— — 38 28 
Altitude of the M. C. = 75 VVV 3 
M. C. 2 Zenith = 26 — — — 39 : 25 
The Meridian Angle = be = ⁊ b — — — 71 3. 
F ff — — 
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Ix the Triangle 2bv you have 2b = 30® : : 25', and the Meridian Angle zby = 8. : 


' 
by theſe 5 v is found to be — — — WR: 
The Place of M. C. — —— — 3: 25 7 
Remains the Place of the Nona. Degree in v — — 3 2 0 10 
The Sun's Place — — 41 42: 3) 

The Diſtance of the Sun from the Nonageſſima D Degree — 13 32:37 
The Side Zv is 29: 51, whoſe Complement is v the Altitude of ? os | 
the Nonageflima Degree 5 

TRE Horizontal Parallax of) 40 — — — 53“ 47% 
Parallax of Latitude | | f — — — 26: 40 
Parallax of Longitude | — 10 56 
Parallax of Longitude at the viſible Conjundtion —— — 
Difference (decreaſing) — — "$5 : a 
Hourly Motion of ) 2 © = — — 
The viſible Hourly Motion of D a © — — — IA . : 4 


To Nes the Moon- s Motion from the true Conjunction to the greateſt Obſeuration, 
viz, o“: 22“ before found, into Time. | 


As the viſible Hourly Motion 18': 49” —— „ EL 


| — 5036 
ts to x our, PO Co oe 
6 . 0 22 „ L. I. — 232139 


To — 1713 


The apparent Time of the viſible Conjunction — 223 28 . 555 
To which add 7 "__ — — I : 10 


The Sum is the Middle of the Eclipſe, or Time of greateſt Obſcuration — ad „ 30: ON 


— 


To find the Beginning f the E he. 


As the viſible Hourly Motion x Hour before the viſible Conjunion 1g': 28” L. L. 488g 


Is to Half an Hour, or 30 A — I. L 3010 
So is the Scruples of Incidence 30' : 16" — — L. L. 2972 


— — 


x 5982 


—  — 


To 46! : 39", which doubled is 1* : 33“: 18” Time of Incidence DCE 1093 


The Time of greateſt Obſcuration is — —— 22: 30“: 61 
Time of Incidence ſubftrat e ae eee x : 33 : 18 
Remains the Beginning of the Eclipfe — — 20 6: 4 


— 


To 


A 
7 - 8 
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To find Time of Repletion and End of the E clipfe. 


As the viſible Hourly Motion 1 Hour after the viſible Conjunction 18% 49” — 5036 
Js to 30 Min. or Half an Hour . 51. 


So is the eK of Incidence 30“: 16” — 2992 
To 48/: 16”, which being doubled is A Time of Repletion — 5982 
The apparent Time of the greateſt Obſcuration | — | th * "a 

Time of Repletion add —— "On — 36 32 
End of the Eclipſe — — — 44 6 38 
Total Duration — — —— 43: 
By the preceding Calculation we find, „„ 

That the Beginning of the  Eclipfe will bent — 8 56“: 48” } AM. 
The Middle — — | 10: 20: 06 5 
End — — rn—_ — 0:06: 1 . 
Total Duration — a | 2 9: 50 

ng On — — — — 9 55: 0 


Tuly 14th. 1718. 


TT find the Latitude at the Beginning and End of the Eclipſe. 


App to the Scruples of Incidence, the Motion of the Sun agreeing to the Time of Inci- 
dence, ſubſtract the Sum from the Argument of Latitude at the Time of the viſible Con- 


junction, and you will have the Argument of Latitude at the 8 of the Eclipſe; by 
vhich you wil find the true Latitude to be 33“: 31“. 


* A648; For the Argument of Latitude at the End, add to the Scruples of Incidence, the 
Motion of - the Sun, agreeing to-the Time of Repletion, and add the Sum to the Argument 
of Latitude at the Time of the yiſible Conjunction; ſo will you have the Argument of La- 
titude at the End, by which you will find the true Latitude to be 267: 54". 


Bre iu fe 200: 567: 48” in Degrees | — 314%: 127“: of 
dun in 4: 29: 36“: 34 R. A. — — n 5-53: 99+ 
| The Sum want; 360 is the R. A. of M. C. lg — 7% : $9 
dee me Figure for the Fir/ 22 where let ræ be 7900: 5, : so, NV— 

and the Angle br = 5 ; by theſe you will find rb = 790 g 2*; 10: 59 

59 = the Place of the M. C. in the Ecliptic 
The Declination of M. C. North 5 2 8 — 239 : 6 
The Altitude of the Equinoctial at London — — — 38: 28 
Altitude of the M. C. 75 = — — — 61 : 34 
M. C. a Zenith 2b = — "ay — — 28 : 26 
Meridian Angle rb6& = zbvu —— — — — 85 : 41 
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Now, in the Triangle ⁊ bv, you have Zbv and 26, by theſe you will find Zv "> 
= 28? 2 21” whoſe Complement is the Altitude of the Nonageſf ma Degree 4.1 


And vb = 29: 200, which add to 2* : 19“: 50% and the Sum is 2* : 229: 10 
Sun's Place — — 4:02: 36:4," 
Remains Diſtance of Nonageſſima Degree 2 © 1 17“ 34 — 1 10: 1534 
The Horizontal Parallax of ) 4 © - — — 53': 45 
Parallax of Latitude — — — — 25:9 
The true Latitude at the Beginning N. D. — — — 33: 37 
Viſible Latitude at the Beginning North — —— — 7 : 59 


Exp of the Eclipſe 24." : 2652 385 in Deg. 
The Sun in 4: 2“: 44 7 his R. A. is 


The Sum want. 360 is the R. A. of M. C. = 


. eee 125 : 1 36 


126 : 41: 06 
See the Figure for the Second Variety, in which let r . repreſent 126: * I 
41' : 6”, then its Supplement Is 2 — — . 
By which and the Angle b . = — — 23 : 29 
You will find ba = 55* : 39/ = 1* 259 +1 , take this from fix * a 
Signs and the Remainder is the Place * oy C. — FP N 
The Declination of M. C. North be = — — 19: 13 
Altitude of the Equinoctial at London 5 3 — 88 : 28 
Altitude of M. C. c — — —— 57 : 41 
/ 0d oe ens — 32 : 19 
Meridian Angle ba = zbv = — —— 76 


14 


Now, in the Triangle x you have 2b = 2-08”: 19 „ and the Angle zbv; by theſe 
you will find bv = 


| | — —u— — — | Bo . 34 ſubſt. 5 
M. C. in the Ecliptic — — | 4˙ 4 : 21 

The Nonageſſima Degree in the Ecliptic | — — 33 

The Sun in — — — 4:02 : 44: 7 
Nonageſ. Degree a © — — — 6 127 17 
Altitude of the Nonage/. Degree — — 58 : 43 
Parallax of: Latitude, South — —— 27 36 
True Latitude, North — = — 26 : 54 
Viſible Latitude at the End, South — — 1 02 
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To delineate an Eclipſe of the Sun. 


Tas differs nothing at all from that of the Moon ; but only, that inſtead of the Semi- 


diameter of the Shadow of the Earth, 


' viſible Latitude for the true. 


Sum of the Semidiameters of ) and © 


Semidiameter of the Sun 


/ Semidiameter of the Moon 
Viſible Latitude at the Beginning, North 
Viſible Latitude at the End, — South 


Digits Eclipſed 


you uſe the Semidiameter of the Sun, and the 


pe 

ZZS 
WHYNW 

oT 

5 


— — 
—— — 
6ÿ53ðVN——— ———  — c—— 


7 7 


— 


Of ASTRONOMY. 


——_— 


| | Signs | 


: 94] | | . {1 
A TABLE of the Right Aſcenſion to 
| each Degree of the N oe greateſt] 
| Declination being ay” : "yy 
| 
O 1 2 Signs 
8 7 o / n o / N o | 
FFF 48 36] 0; 
VVV 
1..2]-. x 50- 44 9 :49 37] $9 $3 32] 2 
3] 2 45 7 30 46 44| 60 56 46] 3| 
4 3 40 10] 31-44 331]: 91 59 49] 4 
/ 98 £493 3 1x15 
6 5 .20-221 33 4© $174 04: v6 23] © 
2716 85 311 6.99 $9] 95 9 364 7 
1 31]- 7.2042 4-35; 7 2 © 13-241 9 
0] $8 15:81. ©: 0 04 v7 15-224 9 
10 9. t 21] 37 ' 446 $354-:06 ar. 18] 10. 
Ei ids ) 40 34 $41 MW. x7 2244 21 
J 1 31 03-33 70 26-33] 3®} 
| 13 | 11 57 20 | 40 32 22] 71 33 53] 13 
| 14 | 12 52 51| 41 31 53 72 38 19] 14. 
15 13 48 26| 42 31 34 73 42 52 15 
16 14 44 "© 4:43 31 264]. 74. %% 311 16 
17 15 39 5I| 44 31 29 | 75 52 16] 17 
18 | 16 35 49| 45 31 43] 76 57 718 
017 3 $140 71.75. 2 3359 
20 | 18 27 36| 47 32 43 79 7 322 
21 | 19 23 44| 48 33 30 | 80 12 827 
2 20 10 % 34 25 1] vr 17 17 1 22- 
23.1 2r 16 18] $0 35 2301 $2 22: 201231 
24 | 22 12 46] 51 36 55| 83 27 4524 
2s | 23 9 20] $2.39. 251 34 32. 41351 
26 | 24 6 2 53 40. 61 85 38 24] 26 
27 | 25 2 52 54 41 58] 86 43 4627 
| 28 | 25 59 49| 55 44 ©] 87 49 10 28 
29] 26 56 55| 56 46 13| 88 54 3529 
|_30| 27 54 9| 57 48 36] 90 o o| 30 
| When the Sign exceeds 6, ſubſtract 6 from it, and to 
the Right Aſcenſion of the Remainder add 1800. 


A_TABLE 


7 
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A TABLE of the Right Aſcenſion to 
each Degree of the Ecliptic, the greateſt 
Declination being 23“: 29. 


„CC T8 <4 „ 
0 90 o o| 122 11 24| 152 5 51] o 
J ̃ 3 5] 1 
2] 93 '40' $O'} #24 10 © @| x54 0-11 |--.2 
- 234 903 10; 34] 85 39 - 23] 4 $7 $37] 3 
4 | 94 21 36 | 126 19 54155 53 58| 4 
5 | 95 26 56 127 21 35| 156 50 40 5 
6 | 96 32 15 128 23 5157 47 144 6 
£ 97 37 30% 129 :24 24 139. 43 42] 7 
98 42 43 | 139 25 32| 159 40 2| 8 

9 | 99 47 52| 131 26 30| 160 36 16| 9 


| 24 | 115 53 37 | 146 19 19] 174 29 38| 24 
25 | 116 56 $59 | 147 17 28175 24 45| 25 


26 | 118 o 11] 148 15 27| 176 19 50 26 | 
27 | 116 2. 145 209 © 13-101 177: 34: $3127 } 
26 | 220 6 8150 10 57178 9 5628 
29 | 121 & n 8-2 179 4 581 29 
70 | 123 73: $64 252 598 1] 190: {9 0:5 30 


| 2 
| EY | 


When the Sign exceeds 6, ſubſtract 6 from it, and to the 
Right Aſcenſion of the Remainder add 180. 


8 


| Ggg 2 A TABLE 


\ 


we ol K 5 6? . N 8 1 Ann n — 
* 7 4 * 7 8 * a og "ar; 7? 1 ann 9 . 
Y r N * 2 5 5 * 3 SR 5 Lp; LAN Ie * AL 7 rs bo YO 
ug FM 9 e * R . e R * N 
: ig * ä . R "a6 8 n q : * 4 N 
e, 5 13 * WY AA * an f ? 
* kit 6 OP $7 * 4 * 0 1 \ o , 5 
L . : j 2 2 2 8 


* 3 
. 1 
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A TABLE for converting 
Hours and Minutes into 
Degrees, and the contrary. 


— 4 — — . = | 
Time.] Motion, | Time, Motion, Lime. Motion. 


** 


H. 3 73 574 0+: 
LEES 02117034817 4 


enn 
4 * 
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Ler it be — to reduce 15" * 17“: 26 into Degrees, Minutes, c. of the 
* | 

7 „ 


22“ 


o“: 
8 


Anſ wer ́ X 229 20 : 30 


By the Pen, thus; 15 : 17 220% 
FIR | 


4) 3¹7 (229? : 20“: 30“ Anſwer 


3 Let it be required to reduce 18>: * 1 to Degrees. 


By the Table — — 18> — — 2702: ol: 0* 
1 38 Min. — 9 : 30: 0 

* Sec. — ö 0 

Anſwer — —— 279 2 44 2 30 
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a | | | 


Or, by the Pen, thus; — — 30 38“: 58” 


4)1 : 18 (279%: 44: 30“ Anſwer, 


Lr it be required to reduce 2799 44“: 30“ to Time. 


279% :44': an”. 


„ OS... ed 5 


60) 1118 :58: o (18: 38': 58“ Anſwer. 


To reduce Time given for any other Place that is mentioned in the following Table to that of London, 
„„ C . | 


Tax Epocha, or Radices of the middle Motions of the Sun and Moon in theſe Tables, 
are accommodated to the laſt Day of the Julian Year, under the Meridian of London. But, 
that they may be uſeful in other Places, that are under different Meridians, we have made 
a Catalogue of moſt of the chief Places in the World, collected from ſome of the beſt Au- 
thors ; with their Latitudes, and Difference of Longitude, from London. 

In uſing this Catalogue, there are Two Varieties, viz, 
1. WHEN the Time is given at ſome Place mentioned in the Catalogue, to find what 
Time it is then at London. © rg, . ROO 
2. By having the Time at London given, to find the Time at any of thoſe Places. 


Note, 
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Mee That A. ſignifies to add, and S. to ſubſtract; that is, ſuppoſe you had the Time of 
the Middle of a Lunar Eclipſe given for Landon, and would know the Time agreeing thereto 
for ſome other Place; then look for that Place, and add or ſubſtract the Difference of Meri 
dians to, or from the Time given at London, as the Letters A. or S. direct; then the Sum 
or Difference will be the Time at that other Place. | 

Note, That the Meridians of thoſe Places, that have A. placed after the Difference of 
Meridians, are on the Eaſt Side of that of London; and thoſe that have S. ſo placed, are 
Weſt of that of London. 5 

Ir you have the Time at ſome other Place, and would know what is then at London, you 
muſt apply the Difference of Meridians againſt that other Place to the Time given there 
contrary to the Title, and you will have the Time at London. 


EXAMPLE r. 


SUPPOSE you would calculate the Sun or Moon's Place by theſe Tables for Dublin, in 
Ireland, it being 4 in the Afternoon at that Place; look in the Catalogue for Dublin, and 
you will find the Meridian thereof to differ from that of London 27 Minutes. Nov, becauſe 
the Meridian of Dublin is Weſt from London, the Time at London muſt be more than 4 
o'Clock ; therefore, inſtead of ſubſtracting ſignified by S. you muſt add. 

Thus, the Time at Dublin — 0 


Difference of Meridians add —— 0' 27 
The Time at London, for which you are to calculate — 8 
EXAMPLE 2 
Suppost the Time given was Noon at London, what is it then at Dublin? 
Time at London — - 12h: OO 
Difference of Meridians ſubſtract — — 98 27 
Remains the Time at Dublin — — — 1 33 


A CaTALoGue of ſome of the moſt eminent Cities and Towns in the World, wit! 
| their Latitudes, and Difference of Meridians from London. . 


— 


ö = | Latitude. D. Merid. | 

; Foal 3 

| Aberdeen in Scotland — — — — — cr 10 @:..5 J 
Amſterdam — — — — 52 29 o 21 A. 
Archangel in Ruſſia — — — — — 64 301 2 42 A. 
Aleppo 2 — — — — 
Autandria in Kt! x:? —— 30 58 2 20 . 
Antwerp a ASI 22 Don — —— 51 12 0 17 A. 
Athens in Greece. — — —— 37 42 1 52 A. 
rata in Syria — — — ———| 36 8 3 20 l. 
es in France —— — ——| 43 40] O 27 . 
Babilen in Chaldea — — _—_— 
Bermudas 8 — — — 3 251 4 46. 
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Bri 17 
Bedford in England 


Berwick 


Berlin in Germany © 
Boſton in New-England 
Bethlehem in Fudea 


Bononia in Italy 


Brunſwick in Saxony 


Cambridge 
Canterbury 
Carmarthen 


*. 


Calis in Fance 


Con ſtantinople 
Che ſter | 
Coventry 


Copenhagen in Denmark 


Cork in Ireland 
 Cracovia 
Damaſcus 


Danzick in Pruſſia 


Dublin 
Dunkirk 


Dartmouth in E was 


Derby 
Edinburgh 
Exeter 8 
Ely 


Frankford upon the Maine | 
Frankford upon the Oder 


Fort St. George 
Fez in Barbary 
Geneva 
Glaſgny 
Gibraltar 


Grantham in E apland 


Glouceſter 
Hamburg 


Haphnia in Denmark 


Hanover © 
Huntingdon 


Jeruſalem 


Knockfergus in Ireland 


Kendal in England 


Liverpool — 
Lisbon in Portugal 
Leyden in Holland 
Leiceſter — 
Lincoln — 
London — 


„ 
100 


. 


III 


I 


2 D. Merid 
13 9 | 

51 28] o 12 6. 
52 12 9 28. 
35- 6 
52 33] © 54 K. 
41 0 4 45 8. 
1 Elo th 
52 16 o 4 "3 
52 17 © or A. 
51 25 | 0. og A. 
52 02] © 17 P. 
-$0 32 | 0 1018. 
$3 | 2 7:14 
53 16] o 108. 
$2 260 6. 
55 43 8 0 50 A. 
51 45] © 30 ß. 
50 10] x 18 A. 
34 3 16 
54 23 1 14 KN. 
53 118 © 27 P. 
51 2 © 124. 
50 30] © 15 ß. 
2 24 0 BM 
8 
50 444 © 

52 201 0 

30 2 0 

52 20 © 
38 

33 10 O 

45 5440 

33: $0] © 

* 3 - | Wha 

52 58 0 

51 58 © 
33-57 1 -® 

[95 431 © 

32 384 © 

[$3 10] 3 

54 40] © 

$$ 71-9 

53 2240 

39 45 © 

52 07 © 

52 41| 0 
$3134: © 

51 321 0 


Madrid in Spain — 
Mancheſter | 3 
Marſeilles — 1 
Mo co — ; 8 | | 

Ments in Germany © Se + 

Naples 
Northampton 


Gem 
— 


Nottingham 

Oftend in Flanders ating 
rd | 

Paris in France 3 
Pembroke | — 

Peterborougb . 
Portmahon — 
QNuinſai in China 
Ratishone in Bavaria 


St. Chriſtopher's 
44 in Seder: 
Toledo in Spain 
Turin in Ita — 
Valentia in Spain 8 — 
{\. REES. 

Uramburg in Denmark — 8 
Warſaw in Poland — 

Mater ford in Ireland | — 


Stafford — 


I 
—ů—ů— 
— 


Wincheſter — 
Moodſtock — 
Worms in Germany 3 
Wircefter pw 
Vork © 


H n n 
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Wiggan in England — — 


— 2 
OG Rr? 2 IE TER os 4 "RR IR 
* 2 . * * * 1 * * S; RY "x N 
1 . . * y go * 


LI 


xy as 


C e = h” 


316 


E 


Manner ſuch Authors Have done; for that End I have added the Three 
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* ev „ 


fi 2 2 7 1 n . 
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7 Y * ZH 4 * An x. * 4 * F — 
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Sour Perſons, perhaps, ſeeing that the foregoing Method for finding the Moon's Place in 


clipſes, c. is more tedious than that uſed in Leadbeater's Syſtem, Wing, Street, Shakerky, 


6. would be willing, in order to calculate an Eclipſe of the Sun or Moon, to do it in the 


Fad 


SK 


following Tables. 


— : — — — FELL | 
A TABLE of the. Moon's Elliptic Equation. . 
Pies] © „% 1 | 
| T4 Equat. ſub. JEquat. fab. Equat. ſub. [Equat. ſub. Equat. ſub. [Equit. ſub. 9 
JA TE 6 WS » 11 0 oi. WS +; 1 0 7 ity 5 
% „ d 23 324 12 20 4 57 34 44 30 
10 5 92 27 5444 15 4+. 57 a 
20 9 2 32 14/4 17 3614 57 25 2 
1319 14 of 2 36 32} 4 20 4 57 20 
4 19 542 40 444 22 3004 37 15 
158% 24 542 45 % 24 3804 57 II 
6]0 29 5al2 49 8 4 + 56 80 
1 3 38 48] 2 53 14] 4 + If” *'. 
180 39 46]2 57 10 4 4 50 344 1 56 14/22 
19 44 4/3 1 18] 4 $-0 2 3 $7 071 or | 
jo” 0 $03 5 214 . 
111 54 32 3 9 1004 4 54 40 3 19 
1121 59 22 3 +3 24 + 53 4%] 3 47 2 18 
131 41 18] 3-6 52 4 + 52 54 3 44 24 TS 
1241 9 103 20 39 4 +. 5-9 3-49 -56 16 
25 14 of 3 4 19 4 0-49 4] 3. 37. 15 
16 1 18 46, 3 27 564 55 50 4 49 363 33 28 14 
171 23 3803 31 32] 4 47 x0 4 8 -20] 3 29 44 13 
18 28 243 35 24 45 344 40 56 3 25 52 12 
119 33 1% 3 38 324 49 594 45 39, 3 21 38 11 
20 1 37 84 3 4% 54 4 50 38 4 43 % 17 58 285 
211 42 32 3 45 164 32 44 42 13 9 
22 1 47 1603 48 3104 $3 4 40 343 9 8 
231 51 54 3 51 460 4 53 4 38 40003 5 Tf 
1241 56 32] 3 54 54 4 4 424 36 48] 3 1 6 
neſs 5: $39 04 59 4 6 93-97 5 
26 | 2 5 40 4 © 94 $6 M3 23 3 4 
272 10 124 3 58 4 56 36014 30 362 48 18 3 
282 74 40 4 © 594 57 2/4 28 192 43 50% 2 
29 2 19 804 9 38 4 57 3414 25 5802 39 17 I 
13912 23 32 4 12 -20, 4 57 4% 4 23 3 2 34 42 0 
| Q / ni go I 5 © " F- WP Q / nyo 'Þ- 0 7 
4 Equat. add |Equat. add Equat. add |Equat. add Equat. add [Equat. add 
ignd 11 10 8 4 8 1 6 
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A TABLE 
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fa TABLE of the Hourly Motions, Semi- 
| diameters, and Horizontal Parallaxes of 
the Sun and Moon. 


y ſ Semioia- 
Mot. of 


meter off 


voony | BPM] NNNND, N | 


0 dw 7 
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A TABLE of the Moon's Latitade, with her Re- 


Auction from her Orb to the Ecliptic 1 in M 


| Non Lat. [2 Reduc. Toon 's Lat. | c.|Moon TLat. 


Signs ,oN 8. A. A. J Subſtr, 8i | [Signs 2 5 8. e 


— 


3 
Uo 
| — 
* * 


pl — 


S8 
000009 | 


4 


ha 


© © ow © | 
00000: 


„ 0 


2 


| 


DPD 
| vob b vw | wwwweh ra 


DN 0D = mv 


DD DD 


— 
1 


a G G ooaoodg| coounuuu 
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| A TABLE of the Angle which the true Motion of the | 
Moon from the Sun makes with Ls pie it in Got 
| en and Oppolitions. | 
TT ee me al 
Lat. T true ee Motion of the . from 5 Sun. Lagt. 
N N 27' | 28 20 Tt | 37 | 32 1 37 1 35 0 EM wc | 
. | c n 
19.0736 1 ee 70 48 18. * 4 
s 415 4605 45] 5 445 4 30 5 1 8 "Pj $45 5 oj 30 
15 4s 46s 455 45 4/5 42/5 4 s as 40 5 39 2 
25 4/5 455 445 435 3 42/5 4 5 495 4% 5 390 2 
35 40 5 4 5 445 435 42/5 4205 410 5 400 5 49,5 39) 27 
| 4]5 4s 455 445 43 5 425 415 415 495 39 5 39] 20 
55 45 445 435 445 445 415 4d 5 395 39 5 38 
bls 455 445 435 425 As 405 395 3915 38 5 38 
55 5 435 445 4115 405 445 4 35 35, 5 37 
815 4/5 4 5 41-5 495 405 395 39 5 375 3715 3 
95 445-415 445-305-395 345 315 315 365 35 
io} 5-41} 5 495 395-345-385 37 5 36-5305 3515 34 
115 40 5 395 38 5 315 3715 365 355 35s 34s 33 
215 345 38 5 3715 36/5 35/5 355 345 33]5 3305 32 
13] 5-345 37 5 36/5 355 345 33]5 34 5 75 315 31 
415 395 355 345 395-345 345 31s 315 39's 2 
lxzlocadts 345 335 ah als ls g's 20g 29's 2 


To find the Angle that the Moog" > Way makes with the Eliptic, you ah find the Ar- 
gument of Latitude either in the firſt or laſt Column ; and, guiding your Eye from thence, 


until you come under the Hourly Motion of 7 a ©; then in the common Angle of Meet- 
ing you will have the Angle 3 e 


Lar the Argument of Latitude be o. ns: or 6: 5 Py and the Hourly Motion of ) a 

| © 325 then under 0*, or 6* in the firſt Column, and againſt 10 Degree in the ſame; 
looking along the Line from thence towards the Right until you 'come under 32's ; there 
you will fad 5: 37“ the Angle of the Moon 's — 


N Y 
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" | G f . : R | | I 5 8 * - 
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* . . af 187 Fn > \ 
FD; + &,#* 7 "WW , * 1 | 
4 9 » £ 1 * 1 . F # 61s * * 

. : 4 2 | | " F , 
4 x 5 3 4 > e : * Q 4 
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WEN you would calculate an Eclipſe, and have a Mind to uſe theſe laſt Tables, by 
may find the Sun's true Place, and mean as you fee in the Part before going: 
to find the Moon's Place in her Orb (which is w t you compare with the true Place of ho 
Sun in Conjunctions and Oppoſitions), you muſt, 
1. Find her mean Longitude, Apogee, and Node, as before ; then from the mean Longi- 
tude ſubſtract her Apogee, what remains is her mean Anomaly. | 
'2. Take this to the Table of the Moon's Elliptic Equation, and thence take out the Equa. 
tion, which being apply'd to her mean Longitude, according to the Title, will give the 
Moon's Place in her Orb. | | 
To make this plaig, we will reſume the rewe of ha Moon, that is to be in Dicembe, 


320 


The mean Time was found to be December __ — 124 : id: 6: 29 
The Interval, avcording to the „ Place, found as above Þ | „„ 
directed, is (lubſtract.) . 3 10 2:4 
Remains the true equal Time of the pgs — — 12: 8: 3 : 40 
An t which Time the Sun's true Place is — — 1 10 
1 n the mean ee — — — 5 223: 58 1 36 


{ 


” [ N ” 
, *. . a 6 * — II FY th 
a s — — * , 2 — — — 
» ' o 8 
"us ” - 


For OR Moon' 8 1 at the fame Time, work 25 ange, 


1 11 32 35 9 28 58 44 


4 » ny 4 tv th „ LE J WOE 


Mean Long. » 
Apogee ſubſtract 


; 4 TYP 12 Ty £34345 Sd 4 IT 13 
Remains mean Anom. 95 
Elliptic Equat. add 


The Sum is) 


in Orb 


North Node ſubſtract 


> ff" 


1 


? 


V's : 


Remains the Arg. of Nach . 
True Lat. Dp. N. D. . 
Reduction add 

5 in the Ecliptic 


The Hourly Motion of D 8 her mean Anomaly 
Nora Motion of O by his mean 2 | | - 
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Their Difference is the Hourly Motion of ) 2 © — 30: 28 
Time of Reduction (c Fine of to its firſt Title) ſubſtract —— 3 
From th ther true 808 end . che Oppoſition, December — 124: 8“: 3 40 
Retalns Tine of theEgiptic Oppoſition =— 12 ; 4 0 57 
Bat add it eee Its firſt Title) and the Sum is K 1 5 
Time o Middle of the Eclipſe 75 3 

Equation of Time add 98 
The Sum is the apparent Time of the Ecliptic Oppoſition — 7 2 59 : 58 0 
The apparent Time of the Middle of the 3 — 8 „ 
The Horizontal Parallax of Sc — — 5): 6 
Horizontal Parallax of ©\ 14 30"). . ä O : 10 
Their Sum is 7 — — — 57 : 36 
Semidiameter of 4@ 440 75 — 20: 2% 
Remains the Semidiameter of the Earth's Shadow — 465 18 
Semidiameter of the Moon add . 15 38 
Sum of the Semidiameters of the Moon and Earth s Shadow — 56 : 26 
Latitude of N ſubſtract ._ r now ww EIT 15 (6 ir 42 - 
| Renidins"the Parts deficient | HA COLD 1501 1.2 a bs 
Digtes Echpfed (ny by the Rule given before) er V 
B the Rule formerly given for the ſame Eclipſi wall find 0 E M 

y the of half nerly gi to be — l 2 $54.09 
Which take from the Middle, or Time of greateſt Obſcuration | — A 1:24 
Remains the apparent Time-of  the|Beginmin ; . 1 50 : 43 
And being added to the ſame, gives the apparent Tine of 1e E 4 — 9 :"15 : 05 
The whole Duration — 1 22 


7 ww 4 a 


— — ” : . 5 s L 4 


Tas Matinee 4 of delineating this Ea lipſe, was "wk Pede 1d ers obſerve, that 
whether the "Moon's Latitude Rog r South deſcending, the Angle of the Moon's Way 
with the Ecliptic muſt be ſet from ether the North or South End of the Ecliptic towards 
the Left-hand (as in this Caſe). But when the Latitude .is aſcending, then it. * be ſet 


eff from the Axis towards the Right-hand. 


Tnovon this Method is more expeditious than the former, yet I would recommend that ; 


becauſe it ir dein generally. nearer the Fruth, is a ſufficient Reward for the Labour. 
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NAVIGATION (chat very 


_ l 
% 
«# 5 


NTAVIG ry uſeful Part of the Mathematicks), is an Art that has been 
* * highly valued by the Ancients; it being the Beauty and Bulwark of England, the Wall 


and Wealth of Britain, and the Bridge that joins it to the Univerſe, 


Tu 1s noble Art conſiſts of Three Parts, viz. 
"+ OM 4 — + 7 1 5 ; af; 2% ei 

JJC 

3; GEA Sq. i oo on ok nw 
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* 
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Prarn Sailing is founded on the Suppoſition of the Earth, being a Plain or Flat, which, 
though notoriouſly: falſe, yet Places laid down accordingly ; and fo a long Voyage, broke into 


many ſhort ones, the Voyage may, be tolerably performed by it near the ſame Meridian, 


i Fu FF} 7 


— — 


Pr Alx Sailing is divided into Three Fart. Wes 
1. In a Right-lin'd Triangle, relating to a fingle Courſe, . | 
2. In a Right-angled Triangle, relating to ſeveral Courſes, called, 'a Traverſe. 
3. In an Oblique Triangle. : 


Note, Tha where-ever the Mariner is at Sea (if upon the North Side of the Equator) he 

muſt ſuppoſe his Ship to be in the Center of his Compaſs, by which he is to direct his 

Courſe, and his Face towards the North ; then his Right hand will be to the Eaſt, his Left 

to the Weſt, and his Back to the South: So, when he is protracting or drawing his Work, 

0 2 8 the Top of the Book, or Paper, to be the North Part, then the reſt will 
e as before. | 


PLAIN 


| 


PAIN SAILING contains the Six following Caſes. Here you muſt obſerve the next 
igure, in which you have the Names of the Sides and Angles, as they are given or re. 
quired. Suppoſing B the Place from whence you ſail. 
| 4 5 : : 2 ; ; 
| | 
| 
. 0 
* "x 
a 8 4 I e 5 8 5 1 | 72 E 
i 
1 a Departure Wefterty t& Departure Zafterty 
| 5 : 88. 5 
| | % ? WP. 


* AV GATION, 


Caſe 1. 


. JOY the Courſe and Diſtance, to find the Difference of Latitude a and — 


E X A M P L E. 


ApwiT a Ship fails from A in the Latitude of 520: 207 North, away 8. W. by 8. 52 
Miles to C; I TO the Latitude ſhe is in, and her Departure from the Meridian. 


: GEOMETRICALLY. 


3 the Lins A 7 out at Pleaſure, for the Meridian; and, upon the Paine 4 A, with 
bo 8 from the Line of Chords, deſcribe the Arch 49. 

2. FROM d lay three Points or 330: 45" to e, through which draw the Line AC; ; then 
take 52 in your Cotnpaſſes, from a Line of equal Parts, and lay that Extent from A to C, 
and from C draw CB, at Right Angles to Af, The Triangle being thus formed, you may 
meaſure the Difference of Latitude A B, and | Departure BC, by the lame Line of equal 


Parts by: which . * 


C. 
| |f 
. By the 1,04 ABET.RMS- 
| — 1 
As Radius — — — os 3 
Is to the Diſtance run AC = 52 25 : — oy e, 
So is the Sine of the Rumb BAC=33*: 45 mw. 1 
To the Departure B C = 28.79 Miles — — 1.460742 
Ac Alx, — | 5 
ns 3 * — — —— In * 
s to the ance run 52 : 945 
dos is the Sine of 560 No 5“ (the Complement of 33® : 45 9 Wat 9.91904 
— 150' 635849 


5 To the Difference of Latitude AB = 43-24 2 — 


li i 2 FROM 
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From the Latitude given — — — 529 : 200 
Subſtract the Difference of Latitullle — oO : 43.24 


| Remains the Latitude that the Ship un yy 51 : 36.76 


* 


ExTENnD the Compaſſes from go* on the Line of Sines to 33˙: 45', and the fame Fx. 
tent will reach from 52 on the Line of Numbers to 28.79 upon the ſame Line; and the 
8 A 90% to 50: 15“ on the Sines will reach from 52 on the Numbers to 43. 24 on 


Os By the SLI DING RUIE. e e N | 

Move the Sliding Piece, fo that 90® upen the Line of Sines may ſtand againſt 52 on the 
Line of Numbers; then will 33* : 45' on the Sines ſtand againſt 28.79 on the Numbers; 
and, without altering the Sliding Piece, againſt 56 : 15% on the Sines you have 43. 24 upon 


| | 1 + 5 I E | | 
a . : | TE N « 7 


Tu Courſe and Difference of Latitude being given, to find the Departure and Diſtanee 


rum; 
EXAM LE . 
Apurr a Ship from the Latitude of 50%: 30 / North, fails S. E. by S. + Eaſterly till 
ſſhe be in the Latitude of 499 : 187; I demand the Departure and Diſtance ſailed. 


. G EO METRIC ALL V. | 
1. Draw Af at Pleaſure for the Meridian, then take the Difference of the given Lati- 
tudes 10: 12'= 72 Minutes, or Miles, in your Compaſſes from a Line of equal Parts, and 
lay that down from A to B. | | f 
2. TAKE 60 in the Compaſſes from the Line of Chords, and ſetting one Foot in A, 
with the other draw the Arch 4g, upon the Eaſt Side of the Meridian. . 
. Take three Points and a half, or 39“: 221 in your Compaſſes from the Line of 
Chords, and ſet that Extent from d to e; and then from A through e draw the Line An 
of any convenient Length. . | | | | 
4 Ur oN B erect the Perpendicular BC, and this will compleat the Triangle A B C; which 
being done, you may meaſure the Departure BC, and Diſtance ſailed AC. 
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3 
By the Lo ARITHMSũV. 


As the S. c. of the Rhumb = BAC = 399 : 22% co. ar, — 0.111667 
Is to the Difference of Latitude AB = 72 Miles — — 1.857332 
So is the Sine of the Rhumb 39“: 221 — — 9.802358 
To the Departure 3 C = 59.07 Miles —— — ä 1.771 357 
AGAIN, | 
As S. c. of the Rhumb. 39“: 221 co. ar. — _ o. 111669 
Is to the Difference of Latitude AB 72 — 1.857332 
So is Radius — — — 1 
To 93-12 = Miles the Diſtance un =AC — 5 : 1.968999 


By GUNTER's ScALE. 


1. ExTEND the Compaſſes from 50%: 371 on the Line of Sines to 39? : 2247, and the 
ſame Extent will reach from 72 on the Line of Numbers to 59.07 the Departure. 
2. EXTEND the Compaſſes from 50: 37+' upon the Sines to go*, the ſame Extent will 
reach from 72 on the Numbers to 93.12 for the Diſtance run. | 


By the 8 L I DING RuLE. 


SET 50% ü : 325 the Complement of the Rhumb, to 72 on the Numbers, then againſt 
39: 22 on the Sines, you will have 59.07 on the Numbers, the Departure required; and 
againſt Radius, or 9oꝰ, on the Sines, : you will have 93-12 on the Numbers for the Diſtance - 


Given the Courſe and Departure, to find the Diſtance and Difference of Latitude. 


E LL &.M TEK 


A Sap ſailed from the Latitude of 47% : 20' North, upon the N. E. by N. till her De- 
pom from the Meridian was 52.6: What was the Diſtance run, and Ditference of 
atitude. ; 5 N | Me, 


1 | GEOMETRICALLY. 

I. Draw the Meridian Bn of any convenient Length, and from B draw B C at Right 
Angles to the Meridian BA; upon which ſet 52.6 from B to C, for the Departure. 
2. TAKE 609 in your Compaſſes from the Line of Chords, and, with one Foot in C, 
draw the Arch 4; upon this Arch from d ſet 56: 15' (the Complement of the Rhumb). 


1 . e tle a+ of arts, 1 
F From C through e, draw a Line till it cuts the Meridian in the Point A; and that 
will compleat the Triangle A BC. | : 


By 
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. 
5 
A 
wn 
B the Lo AAT NMS. TH 3 
As the Sine of the Courſe BAC 33®? : 48:6 co. ar. — 0.255261 
Is to the Departure BC = 52.6 — 1.720986 
So is the S. c. of the Courſe 2 — 9.919840 
To the Difference of Latitude AB = = 78. as * | — 1.896093 
THe Latitude that the Ship failed from at A J.. 2 ag. 
Difference of Latitude add — 777 ok Cn 
The Latitude the Ship was in when at C — — 48 : 38.73 
For the Diſtance run AC, ſay, | | 
As the Sine of the Courſe 33%: 45! co. or. — = 0.255261 
Is to the Departure 52.6 — — 1.720986 
SO is Radius go" F — _ 10. 
To the Diſtance run ac = 94.68 8 — | 1.97624 : 


By GUNTER's n | 
1. ExTznD the Compaſſes from 33 © 45' on the Sines to 56%: 15 the ſame Extent 
will reach from '52.6-0n — Line of vba to the Difference of Latitude IS: 8. 


2. SET one Foot in 33* : 45 on the Sines, and extend the other to go“; * ſame wil 
reach from 52 .6 to 48, the nee run. | 


By the SL.1ininG Ruts, 


Movz the Sliding Piece, ſo that 33” 7 45 on the Line of Sines may be againſt 52.6 on 


the Numbers; then againſt 569 : 15“ you will find 78.73, the Difference of Latitude; and, 
againſt 9oe, Foo have 94.68 for the Diſtance run. Caſe 
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BONAVIGATE on _ ww 


3 > $f 


Tus Diſtance run, and 1 Difference of Latitude given, to find the Courſe and Departure. 
i324 M7 L 1 


Aber a Ship fail from the Latitude of 46* : 36 North, on ſome Point of the Compaſs 
between the North and Weſt 97 Miles, then finds elf in the Latitude of 47: 51 North, 
the Courfe and Departure is * 23 

From — 3 
Take — 8 


Remains — 1 5 = 7 5 Mites, the Difference of Latitude. 


GEOMETRICALLY. 


1. ae Bn to repreſent the Meridian, then from B ſet 75 to A, and draw BC at 
Right Angles to BA. 

2. TAKE 97 in your Compaſſes, and putting one Foot in the Point A, turn the other 
about till it falls upon the Point C, in the Line BC; then draw the Line AC, and that 
will compleat the Triangle. You may find the Angle at A by Help of the Line of Chords, 
and the Departure BC by the Line of equal Parts, 


A , 


By the . 


1. As the Diſtance run A C = 97 Miles — — I 986772. 
Is to Radius — Hes 
So is the Difference of Latitude AB = 7 5 _ — 1.875061 
To the S. c. of the Courſe = „ : — — 9.889289 
2, For the Departure, ſay, | 
As Radius — my — — 10. 
Is to the Diſtance run 97 — — "7 3 
So is the Sine of the Courſe 330: 12 . — mM 800737 
To the Departure B.C = 61.3z — — 1.787 50 | 
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By GUNTER”' s Scar. 


Tv your Compaſſes from 97 on the Numbers, to 75 L the ſame Extent will reach 
from go on the Sines to 50% : 48', whoſe Complement i is 4 120 for the Courſe, that is 
N. W. by N. and 5: more Weſterly, or near N. 

Kennt, Extend your Gu from go on the Sines, to 30 * 12' ; the ſame Extent 
will reach from 97 on the Numbers to 61.31, the Departure. 


By the SLIDING RL E. 


SE 97 on the Numbers, to go on the Sines ; then againſt 75 on the Numbers, you will 
find 50 48“ on the Sines ; and. as the Slider is now let, 3 329˙: * the Sines, 
you have 61.31 on the Line of Numbers. 


Cafe "Y 


Glyx the Diſtance and Departure, to find the Courſe and Difference of Latitude. 


REM EMI 


Sorrorn a Ship fails 86 Miles between the South and Weſt, til her Departure i is 49 
Miles ; I demand her Courſe, and Difference of Latitude ? 


GEOMETRICALLY. 


1. DRAw the Line AB for & e Meridian, and from B draw the Line BC at Right 
Angles thereto. He 

2. TAKE 49 in your Compeſiin from a Line of equal Parts, and ſet that from B to C. 

3- Taz 86 from the Line of equal Parts, and, ſetting one Foot of the Compaſſes in C, 
turn the other about, until it falls upon ſome Point in the Meridian, as at A; then draw 
the Line A C for the Diſtance run. 

Tas Triangle thus compleated, you * meaſure the Angle at A, and the Side AB. 


A 


of 0x 331 


we 8 leser. | 

I to Radius — — 10. 
So is the Departure B C.= 49 — — — 1.690196 
To the Sine of the Angle of the Courſe 4 0. 75 C608 
That is S. W. by 8. 4e 597 more Weben | 9.755698 

2. As Radius i | — _ 10. 
Is to the Diſtance run 86 — — | —— 1.934498 
So is the 8. . of the Courſe 555 2 16“ — — 9 914773 


By GUNTER's SCALE. 


. ExTaxD the Compaſſes from 86 on the Line of Nuntbers, t to 49 ; and the ſame Ex- 
unt will reach from 90 on the Sines to 349 : 44”, the Angle of the Courſe. 


2. ExtrexD the Compaſies fro go on the Sifies, to 55* : I6'; and the ſanie Extent will 
reach from 86 on the Numbers, * for the Diference of ae | 


By the $LiDInG RuLte. 


Mons the Slider, ſo that 86 on the ogg 2 ſtand againſt 90 on the Sines; then 
againft 49 on the Numbers you have 34. > of. the Courſe; arid, without 
altern thee Rule, againft the Completicny Maegf Anus 2 Lad. the Sites, you will 
indo 9 on the Eine of Numbers; Which is the NETS of required, as above. 


Cate 6. 


Grven the Difference! of Eatitud? and Deperdine, to ind the Courſe and Diſtance. 


BB AMPLI EL 
Surrosk a Ship ſails between South and Weſt, until her Departure is 58 Miles, and Dif- 
ference of Tatitude 34 Miles; 1 demand hey Courſo, and Diſtance run. 


Ek HERE GEO- 


5 . 
RY 


n 


Maxe AB = 74, and from B draw. he Line BC; upon which ſet 58 to C, then draw 
the Line AC for 5 Diſtance run; the Length of which 50 may find by — Line of — 
9 and the Angle of the Courſe BAC by a Line of Chords. 1 07 2 


CLAS 44JBS 


By the Lookziruns 1 OY 


1. As the Difference of Latitude A B = 74 3 5 
Is to Radius — 10. 
So is the Departure BC 58 — 1.763428 
To the Tangent of the Angle of the Courſe 152 $; | — 9 894196 
That is 8. W. uy S. and 4* : 207 more Weſterly, PIES Ae = a7 bf 
2: As the Sine of the Courſe (the Angle at A= =38*:5 5 —— 9.790149 
Is to the Departure BC = 2 58 — =3 19) — 1.763428 
80 is Radius 4 5 8 — — 10. 
To the Diſtance run AC 94-03 Miles — — — 1.973279 


By GUNTER' Se Ar. 


ExrExp the Compaſſes from 74, upon the Line of Numbers, to 5 ; and the ſame 
. will reach from 45, on the Tangents to 38“: 5“, the Angle of the Courſe. 
2. Ex TE NHD the Compaſſes from 389: 55 on the Sines, to go ; and the ſame Extent will 
reach from the Departure 58, on the — to 94. og, — Diſtance run. 


CO 


E the SLIDING RuLE. 


I. SET 74 upon the Numbers, to 45 on the Tangents; then againſt 58 6 on the Numbers, 
you will find 3855: 5“ on the Tangents. 


2. SET 38® : 5 on the Sines, to 58 on the Numbers ; then againſt 9oꝰ on the Sines, you 
have 94.03 on the — as before. a 
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AT alone is the Alteration of a Ship's Courſe, or Way, by Reaſon of contrary 
Winds, or other Interruptions, by Rocks, Sands, &:. ſo that to work a Traverſe, is to 
bring © Courſes into one; and how to do that, may be known by the following 


| E X RAMP . 


ö 


SUPPOSE a Ship bound to a certain Port, which bears from where ſhe is N. N. E. 50: 11” 
E. but forced oy contrary Winds, Currents, Rocks, c. to make her Way good by failing 
firſt N. E. by N. 4 E. 43 Miles, S. E. by E. + E. 20 Miles, then N. E. by N. 44 Miles; 
N. W. by W. J W. 68 Miles, N. by E. 45 Miles, N. E. by E. f E. 84 Miles, S. S. W. 
60 Miles, N. W. by N. 85 Miles, S. E. by E. + E. 33 Miles, N. E. by N. 36. E. N. E 
4 E. 45 Miles, and then arrived at the Port deſired. The Departure or Difference of Me- 
ridians, the Difference of Latitude, and Diſtance in a direct Courſe between the Ports, is 
required. VV 3 NE | 


Tax moſt regular Way to ſolve this, will be to make a Table, and divide it into Ten 
Columns: In the Firſt, you may ſet down the Number of Courſes; in the Second, the 
Courſes ; in the Third, the - Diſtance run upon each Courſe; in the Fourth, the Number 
of Points from the Meridian that you ſail upon; in the Fifth, the ſame 'in Degrees and 
Minutes; ſo that in protracting, you may uſe either the Line of Rhumbs upon a Scale, or 
a Line of Chords: In the Sixth, you may ſet down the Points for laying down the Courſes, 
according to Mr. Atkinſon, in his Epitomy of Navigation. In the other Four, you may ſet 
down the Northing, Southing, Eaſting and Weſting, as you ſhall find them, either Geo- 
metrically, Inſtrumentally, or by Calculation; or, more ſpeedily, by a Traverſe Table, or 
Table of Difference of Latitude and Departure. . | 
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GEOMETRICALL  Y. 


1. Daaw the Meridian 26, and taking 60 Degrees in your Compaſſes from a Line of 
Chords, deſcribe the Arch þ g upon the Center 4, and the Right-hand of the Meridian, 
becauſe the Point ſailed upon is between the North and Eaſt; then from 4 lay off 
23 Points, or 42® : 117: 15“ to c, and through draw the Line ad, upon which from 
a Line of equal Parts ſet 43 Miles to d, 3 
2. DRAw the Meridian de parallel to 25; and, upon d, as a Center, draw the Arch 
e , upon the Right hand of the Meridian downward, becauſe the Point is between the 
South and Eaſt; and upon that ſet 52 Points, or 61: 52': 30“ from e to /, and draw 
the Line 4g, upon which ſet 20 Miles from d to g. 

3. DRA the Meridian g & parallel to a4, or de; and, upon g, as a Center, deſcribe 
the Arch Y:, and from + ſet off three Points, or 330: 45 to i; and from g. through 2, 
draw g#, upon which ſet 44 Miles to 4, and draw the Meridian k 1; and, upon #, as 2 
Center, deſcribe the Arch Im; then from / ſet off 54 Points, or 64* : 414" to n, and draw 
the Line Amn, upon which from 4 ſet 68 Miles; and ſo on, until you have compleated 
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By the LoGARITHMS. 


From d draw the Line dt, at Right Angles to the Meridian ab, and that will e 


the Triangle 447 ; in which you have the Angle of the Courſe dart = 42* 
tance run ad = 43 Miles. 

I. To find the Dupeirtore, ſay, 

As Radius EY — — 

Is to the Diſtance run 43 Miles — 
So is the Sine of the Courſe 42“: 11 3 


To the Departure d: = 28.9 Miles 


2. To find the Difference of Latitude 4 t, ſay, 
As Radius 


Is to the Diſtance run 43 Miles — 
So is the Sine of the Complement ot᷑ the Courſe 


To the Difference of Latitude 
Havinc found theſe, write them down in their proper Columns, and 

ſo proceed with the reſt, until the whole is done: Then caſt up each Co- 

lumn, and ſubſtract the leſſer from the greater, and you will find the 


Difference of Latitude between the two Places to be - —— 
And Departure Eaſtward e 


— —— — 


Nou, if from à you draw the Line ay, and y z, parallel to any of the Meridians alrea 
drawn, as ab, gh, until it interſects a z drawn at Right Angles to the Meridian 4 5, in 
Point z, theſe will form the Right-angled Triangle @ yz ; in which you have the Departure 


omplete 
117, and Dif. 


216.6 Miles. 


113.6 Miles, 


dy 
the 


a%Z = 113.6 Miles, and Angle ayz = 27® : 41' tap, to find 4 the Diſtance between 


the two Ports ga and . 3 
As the Sine of the Angle at y 279: 4 


— — 


Is to the Departure a2 = 11 3.6 Miles 
do is Radius | 


| WI — 


To ay = 244-5 Miles 


9.667065 


2.055378 
10. 


— c 


2.368373 


Mu. Atkinſon gives us Four Rules for protracting Queſtions of this Nature; and though a 
Learner may think the former Method eafier to underſtand, yet we will work the ſame over 


again, that he may make ule of that which he thinks moſt agreeable. 


RULE x, 


Two Meridians and two Parallels, the leſſer Courſe ſubſtracted from the greater gives the 


Angle between both Courſes. 


RULE 


Of NAV IG ATION. 


KU:LE: 4 
Two Meridians and one Parallel, add both Courſes together. 


KVLE 5 
One Meridian and two Parallels, ſubſtra& the Sum of both Courſes from 16 Points. 


RULE 4. 


Oxe Meridian and one Parallel, add 8 Points, the leſſer Courſe and Complement of the 
greater together, the Sum is the ſaid Angle. £ 


Note, That the ſixth Column is made out by ſetting. the ſame Courſe down on the firſt 
Line of that which you have on the firſt Line of the fourth Column ; then compare the firſt 
and ſecond Courſes in the fourth Column together, and there you have two Meridians; viz. 
North and South, and one Parallel, that is Eaft ; fo that falls under the ſecond Rule, which 
directs you to add both Courſes together, that is 34 Points to 5+ Points, and the Sum is 
94 Points, which ſet down in the ſixth Column againſt the ſecond Courſe.  _ 


Tuar done, compare the ſecond and third Courſes in the fourth Column together, and 


there you have two Meridians, viz. North and South, and one Parallel, viz. Eaſt. This alſo 
falls under the ſecond Rule: And, in like manner, go on with the reſt. 


Mete, That at the fourth Rule the Complement of the greater Courſe is ſo much as it 
wants of eight Points. | 
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N TABLE of the 4 5. which every / Rhumb 
makes with the Meridian. | 


orth. South. n 
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CHAP. XIX. 


Hblique Sailing.” 


Or, The Application of Oblique- angled 150 Tri- 


angles to Plain SAILING. 


F HIS Part of Navigation admits of great Variety of Problems, but we ſhall corifine our- 
ſelves chiefly to thoſe that are propoſed by Mr. Norwood, in his Doctrine of Triangles ; 
becauſe the Geometrical — (which that Author * omitted) will make the Anſwers 


Problem I. 


3 away W. S. W. I fee a Point of Land, which I ſet, and find to bear from me 
NY N. and having failed fix Leagues, or 18 Miles farther, I find it bears from me 
N by W. I would know how far it was from me at each Obſervation. 


GEOMETRICALLY. 


1. Ls N. 8. be the Meridian of the Place, from whence the firſt Obſervation was ; made. : 
2. MAEkE Choice of any Point therein as at A, and with 60 Deg. in your Compaſſes from 
the Line of Chords, ſet one Foot in A, and with the other deſcribe the Semicircle g Fe d, 
upon which lay ſeven Points, or 785 450 from g to 7, and from A through V draw the 
Line A C out at Diſcretion. | 

3. TAE fix Points, or 67® : 30! in your Compaſſes, and lay that from d to e, then draw 
the Line Ae L, upon which ſet 18 Miles from A to B; ſo is B the Place of the ſecond Ob- 
ſervation. 
THrRoven B, and perlen to N. 8. draw alter Meridian Line QR; and. upon B, 

as a Center, deſcribe the Arch hi, and from 7 lay off five Points, or 56: 15 to 5, through 
which Point draw a Line from B, until it cuts the Line AC in C, ſo the Point of Land is 
repreſented at C, and the Triangle formed ; which being done, you may meaſure the Length 
4 the Lincs A C and BC by the ſame Line of equal Parts Which AB was laid 
own. 


By the a 


1. To de 6 Points add /g = 7 Points, the Sum i is 13 Points; take this from 16 Points, 
there will remain 3 Points = e = Ae = 339 1 45%, © T ; 


a PP ” $a. 6 * th * FRY ” * 
5 * ef bd Ir oo 4 e * N N 
8 . 3 1 9 7 4 5 
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2. Tux Angle QB A is equal to Ad = 6 Points, to which add CBQ = 5 Points, the 
Sum is 11 Points; take this from 16, there will remain the external Angle CBL = 5 
Points, or 56: 157, from which take the Angle FA = 33? : 45%, and there will remain 
BCA = 229 2 300 l 1 | | x 


Now, ſay, _ | 1 | > 
As the Sine of the Angle BCA = 220: 30“ co. ar. | — 0.417 1603 
Is to the Side AB = 18 Miles — eb 1.2552725 


80 is the Sine of the Angle FA, = 339 : 45 | * 
To BO the Diſtance of the ſaid Point of Land at C, from the Place of the 1 N e 
Ship at B, at the ſecond Obſervation 26.13 Miles — — yy "#777 


acted. 


9.747390 


Acain, to find the Diſtance of the ſaid Point of Land from the Ship at the firſt Obſer- 
vation, ſay, | | | 8 
As che Ane of the Angle BCA = 220: 30 co. ar. — — + 0.4171603 


So is the Sine of CBL = 56* : 15 — — — 9.9198464. 


To AC = 49.23 Miles © — — ̃ĩ— — — 1. 6922792 


Prob. 2. 


-  AptT the Courſe from the Lizard to St. Mary's be 8. W. the Diſtance 3732 = 373-5 
Leagues, a certain Ship bound from the Lizard to St. Mary's, ſteers away S. S. W. and after- 
wards W. by S. and fo ſometimes upon one of theſe Points, ſometimes upon the other, till 
ſhe arrives at St. Mary's. Now, I demand how many Leagues ſhe has failed upon one of 

theſe Courſes, and how many upon the other ? —— 
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G EOMETRICALL VI. 


1. Draw the Meridian N. S. and make Choice of any convenient Point therein, as at I. 
to repreſent the Lizard; then, with 60 Degrees in your Compaſſes, from a Line of Chords, 
and, with one Foot in L, deſcribe the Arch dy, upon which ſet off four Points, or 4 
Degrees from d to /, and through F draw LM out at Pleaſure. „ 5 
2. TAKE B73: 5 in your Compaſſes, from the Line of equal Parts, and ſet that from L to 
M, then M ſhall repreſent St. Mary's. „ 2 25 
3. Tuxovok M, and parallel to N. S. draw the Meridian QR, then becauſe E. by N. 
makes the ſame Angle with the Meridian, that W. by S. does, make M a Center, upon which 

deſcribe the Arch g h, and from g ſet ſeven Points, or 78: 45 to h, then draw the Line 
Mf out each Way, and if you es mark it at the Ends with W. by S. and E. by N. 

4. TAERE two Points, or 22? : 300, and ſet it from d to e, upon the Arch 4f, and from 
L through e draw the Line L, which will cut the Line M at t, and compleat the Triangle 
Le M. This being done, you may meaſure the Lines Lt and Mr, by a Line of equal 

arts, | | | | | 


By the LOG ARITHMS. 


1. In the Triangle LM, you have the Side LM = 373.5, and Angle ML? = 2 Points, 
or 220: 30'; now the Angle g ML being equal to ML4 = 4 Points, if from the Angle 
g Mz = 7 Points you take g ML = 4 Points, there will remain the Angle L M = 3 Points, 
or 33, : 45% to which add ML 7? = 22* : $0}, the Sum will be the external Angle Ltb 
=: 56 2 I5'. | | | | N i | 


2. Now, ſay, 4 F A Has Fe: 4; FE 
As the Sine of 56: 15 co. ar. — — — o. 0801 536 
Is to LM = e,, ra nas Rr: SINGRIE 2.572290 
- $0 is the Sine of the Angle ML? = 229: 30) !:? — 587 


. Err RIVERS: 
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As the Sine of 56: 15“ co. ar. — 


So is the Sine & the Angle LM = 332 : 45 — 
To L? =2495 _ — 2; +a Aa 
Hence we find that the Ship failed S. 8. W; — — — 249-5 
5 and W. by 8s. — — 172. 


Prob. 3. 


343 


o. o80 1536 


2. 5722906 
97447390 


2.3971832 


A Merchant- man, being in the Latitude of 43 Degrees, falls into the Hands of Pyrates; 


who, amongſt other Things, take away his Sea - Compaſs: But when he is 
fails away as directly as he can, and after two Days meets with a Man of 
had been the Day before in the Latitude of 430, and had failed thence 
Leagues; he deſires to find theſe Pyrates, the 


gotten clear, he 


War, who alſo 


S: E. by S. 37 


erchant- man tells him he left them lying to 


and fro where they took him, and he had ſailed ſince at leaſt 64 Leagues, between the South 


and Weſt, What Courſe ſhall the Man of War ſhape to find thoſe Pyrates ? 
8 EOMETRICALI V. 


I. Draw the Line EF, for the Parallel of 43 Degrees of Latitude, in which the Mer- 
chant-man was robbed ; and, at Right-Angles thereto, draw the Meridian N. S. then taking 


60 Degrees in your Compaſſes from the Line of Chords, ſet one Foot in E, and with the 
other draw the Arch # fg, upon which ſet three Points, or 33® : 45 from e to 5, and 


through F draw the Line E L. 


2. FAKE 37 Leagues in your Compaſſes from the Line of equal Parts, and ſet that from 
E'to G; then & ſhall repreſent the Place where the Merchant-man and Man of War did 


meet 


and that will complete the Triangle. 


5 TaKs 64 Leagues from the Line of equal Parts, then ſet one Foot of your Com- 
paſſes in G, and turn the. other about until. it falls on the Parallel of Latitude at the Point F, 
and that is the Place where the Merchant- man was robbed; from which draw a Line to G, 


9 n ” 
” 3 25 8 1 n I * 1 * * * 
" 9 " " N has. r WT * 4 * „ en N 
2 * " 4 l * 5 „ e eee 4 ALL * * 1 r * 1 ag” e * I; ö 7 OY * 8 iT : ö N k | . % 
N p * A . - y * 5 N n TTY G * 
4 p 7 N © 3% 3 B . 3. N 
* % oo. : a WA Y 1 
* 
; ; : \ : _ 


By the LOGARITHMS. 
© Say, As the Diſtance run by the Merchant-man G F = 64 Leagues co. ar, — 8.1938200 
Is to the Sine of 50: 15 — — 


| — 9.9198464 
So is the Diſtance run by the Man of War 37 — — 1.368201 


To the Sine of the Angle EFG = 280: 44 Ty bn "J_ 


* 


The Complement of which is the Angle QGF = 61: 16, that is N. E. by E. 5: 11. 
the Courſe that the Man of War muſt ſhape to find the Pyrates; conſequently the Mer. 
chant-man had failed S. W. by 8. 5 1 W. | | 


Prob. 4 


| Turns are two Parts lying N. E. and S. W. off one another, a Ship fails from the 
Wieſtermoſt of the Ports E. S. E. 47 Leagues. Another departing from the Eaſtermoſt Port 


ſailed 66 Leagues, and then meets with the former. What Courſe hath this ſecond Ship 
kept, and how far are theſe Ports aſunder ? 2 VV 


 GEOMETRICALLY. 
1. Draw N.S. for the Meridian of the Weſtermoſt Port ; and, upon any convenient 
Point thereof, as at E, draw the Semicircle N n8, then taking four Points, or 459 : 0', 


in your Compaſſes, and lay that Extent from N to n, and from E through m draw the Line 
E A, out at Pleaſure. ho | | 


2. TaxE 6 Points, or 679: 30/ from the Line of Chords, and ſet that off from S to 7, 
and from E through , draw E D, upon which ſet 47 Leagues from E to D. | 
3. TAKE 66 Leagues from the Line of equal Parts; and, with one Foot of your Com- 


paſles in D, turn the other about until it cuts the Line E A in A; then draw DA, and 
that will complete the Triangle. . 5 ee 
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5 9%ꝗ%ꝗ%ſ% %%% OIL LD 7 9 7 6 0% 6 6 TIT „ 6 „ 16 0 0 „ „0e. 


* "0 # aus 1 
14 7 . 19; D wn. 
= : e, ; d 
of i | OE Ew 2 
S E „ 2 . 
By the LoGARITHMS. 

As the Side AD= = 66 0. ar. — . 8. 1804 56 
Is to the Sine of AED = = n* 5 30⁰ — — 9.96561 5 
Sis ED Y / — . 2.8798 
To the Sine of the Angle EAD = 7 5 x — — 9.878769 


To this Angle add the Angle AED 67: 
The Sum is the external Angle AD L = 1080: : : 38, the Supplement of which is the Angle 


ADE 715 © of 


© Note, That the tony NEA = E A Q is four Points, or 45? ! : o/, from which take 
EAD = 41* : 8, and there will n remain 3” * 52“ Weſterly, equal to the Angle DAQ, 
the Courſe of the ſecond Ship from A. 


AGAIN, As the Sine of 67: 3o' co. ar. 8 0.03438 f 
Is to 66 — — 1.819544 
So is the Sine of 71“: 22 — — 9.976617 
To the Diſtance of the two Ports AE = 67,7 — 3 1.830546 


Prob. 


oo DOT TI A " 8 nn * 9 = hs. . EIN 2 8 x 
* * F 2 r 9 * , * 9 * K 
N 1 2 $3. a. 4 * Nn by " 4 WI. at * - St 2 N 
1 7 5 * . of FX _ - E 7 8 X —— r 7 
gy * f e 9 A , Mens 
1 L * 2 n 
* 


345 Of NAVIGATION. 


Prob. 5. 


CoasT1NG along towards the Evening, I have Sight of a Cape, or Head-Land, beyond 
which I detire to ſteer the next Morning; it bears from me 8. S. E. and is diſtant by Eftima- 
tion 11 Leagues ; but I ſteer away South, till Two of the Clock in the Morning, about 12 
Leagues, and then would know how the Cape bears from me, and how far it is off ? 


GEOMETRICALLY. 

1. Draw N. S. for the Meridian of the Place, where the firſt Obſervation was made and 
Jet A be that Place. . | OE wg w- a) 

2. TaKE bo Degrees in your Compaſſes, and ſetting one Foot in the Point A, with the 
other draw the Arch ge, upon which ſet off two Points, or 229 : 3o' from g to c, then 
through c draw AD, and from A ſet 11 Leagues to D; ſo ſhall D repreſent the Cape. 

3. TAKE 12 Leagues in your Compaſſes, and lay that down upon the Meridian from A to 
E, and draw ED, which will complete the Triangle AED. 


By the LoGARITHMS 5 
1. To find the Bearing of the Cape at D, from the Place of the ſecond Obſervation at 4 


„ ö 85 FT” 
As AE + AD = 23 Leagues co. ac. — — 160 
ü AD = 1 A een. > Fs | 
To the Tangent of 120: 20 (ubſtract) — 3 * 0 55 


| 25 = AED; that is, N. E. by E. ro: 10'Eaſterly. 


= 
2 
E. 
N 
| 

S 


2. To find the Diſtance of the Cape E D, ſay, 


— 


As the Sine of the Angle AED = 66® : 25! co. or, i 0.037877 

Is to AD = 11 Leagues — — — 1.041393 

dos is the Sine of the Angle EAD = 22*: 307 ———ů— 9.582840 
Io the Diſtance in the Morning ED 2 4.6 — — . Son | 1 10 


— — 1 


That is four Leagues and above an half. 
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Prob. 6. 


347 


_ ApmiT I fail away from a certain Port S. S. W. 50 Leagues, and thence again W. ö. S. 30 
Leagues; upon what Point have I made my Way good, and how far am I come from that Pore? 


GEOMETRICALLY. 


1. Draw N. S. for the Meridian of the Port from 
whence the Ship ſet Sail, and let the Point A be the Port, 
upon which as a Centre deſcribe the Arch g c e, and there- 

on ſet off two Points, or 220 3o' fromg to c; and 
| _ c draw AD, upon which ſet 50 Leagues from A 

2. Tayro” D, and parallel to AS, draw another Me- 
ridian QR, and upon D as a Center deſcribe the Arch 
n; upon this Arch ſet 7 Points, or 78? : 45' from 


tom; and thro m draw D E, and thereon ſet 30 Leagues 


from D to E. | | 


3. From E draw the Line A E, and that will complete 


the Triangle ADE. 


FELELEEELED 
*2 14 EY TILES 
TTL AL EAI -1 4 


Pee 
2 


: 
5 
k 
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By the LoGARITHMS. 


1. Tue Angle n Da OD is 78 430 
From which take QDA =c Ag = — 22 + 30 
Remains the external Angle AD 1 =EAD+AED 
Half of this Remainder is —— 3 28 28 : 8 : 
AD is — 50 Leagues 2 
A — — 30 Leagues 
Sum — — 80 
Diess 5 — — —.. 
THEN, As 80 Leagues co. ar. — 8.096910 


Is to 20 Leagues | 
So is the Tangent of 289: 8/ 


n e nome 1. 301030 


To the Tangent of y: 37 (ſubſtract 9.126040 
From „ | 
Remains the Angle EAD=20 {In F 


To this add DAg = 22 : 30 


The Sum is EAS = 43 : Or, that is 8. W. 5. S. 9%: 16' W. for the Courſe from A to E. 
For the Diſtance, fay . PRE 1 F 


As the Sine of EAD = 20? : 311 c.. ar. — — 0.455337 
Is to ED zo Leagues — — — 1.477121 

So is the Sine of the external Angle AD? = $69 : 15 — — 9.919846 

To the Diſtance from the Port EA = 71.17 Leagues 1 7 


| Prob, 7. 
Taree are two Ports in one and the ſame Parallel of Latitude, diſtant 64 Leagues; and | 
there is a certain Ifland more ſoutherly, diſtant from the Eaſtermoſt of the Ports 47 Leagues, 


and from the Weſtermoſt of them 34 Leagues; I demand the Courſe from the eaſtermoſt Port 
to that Iſland? by 3 


GEOMETRICALLY. 


1. MakE AE = 64 Leagues from a Line of equal Parts; and then taking 47 Leagues in 
your Compaſſes from the ſame Line, ſet one Foot in A, and with the other draw the Arch ef. 

2. TAKE 34 Leagues in your Compaſſes, and ſet one Foot in E, and with the other deſcribe 
the Arch g , which will interſe& the former Arch in D, from which Point draw the Lines 
DE, and D A, and theſe will complete the Triangle E A D (See Prob, 22. of Practical Geo- 
metry, and Caſe b. of oblique-angled Triangles). 


3. SET 


NAVIGATION. 349 


3. Set one Foot of your Compaſſes in D, and the other in E, and with that Extent deſcribe 
the Arch E d, which will cut E A in I, and D A in F; then A F will be the Difference of the 
Sides D A and of E, and Al will be the alternate Baſe. 


'N 
A 


By the LoGARITHMS. 


By Axiom the 3d of oblique-angled plain Triangles find the alternate Baſe, M ſaying, 


As the true Baſe AE = 64 Leagues, co. ar. — — 8.193820 
Is to the Sum of the Sides ÞD A+ DE = Z Leagues — 1. 90848 5 
So is the Difference of the Sides D A — DE = 13 — — 1.113943 
To the alternate Baſe AI = 16.45 Leagues | — Rs 1.216248 
To which add AE = — 64. 

The Sum is — des 


* 


Half of this Sum is AK = —— 


No in the right-angled T riangle AK Dy you hoes the Hypothenule A D, al A K, to find 
the Angle ADE. 


Say, As AD = 47 — — — 1.672098 

Is to Radius — —— — 10. 

So is AK = 40.22 — | — 1.604442 
To the Sine of ADK = 2 a DAS — — 9-9 2344 
Tu Ar is 8. W. 5. W. 20: 35 weſterly ; and this is the Courſe from the eaſtermoſt Port at 


. A, to the Iſland at D. 


Prob. 8. 


A SH1P fails from one Port to a ſecond 8. 8. E. 76 Leagues, and from thenee to a third 
54 Leagues, and from the third to the firſt 85 Leagues ; I demand the Courſe trom the ſecond 


Port to the third, and from the third to the "farſt ? 


GEOMETRICALLY. 


1. DRaw N. S. and let A be the firſt Port from whence the Ship ſet ſail ; then upon the 
Point A deſcribe the Arch g e, upon which ſet 22? : 30' fromg to 6, and draw the Line A c.—; 
upon this ſet 76 Leagues from A to D. 


Mm m 2 2. 8 


2. TAKE $54 Leagues in your Compaiits, and fot one 
Foot in nn je ; with the other deſcribe the Arch FE g; 
and with 8 5 Leagues in your Compaſſes, and one » 
Foot inA draw the Arch /v : TheſeArches will croſs 
one another in E, from whence draw E A, and ED; 
and fo will the Triangle ADE be complete. 


5 2 
I iu 46256 | 7 f ; 
OD 5 


By the LoGAaRITHMS. OE 
Acconp ING > to Axiom the za, and Caſe the oh of oblique-angled plain Triangles, lay, 


1. As the true Baſe AE = „„ — — 8.07058; 

Is to the Sum of the Sides A D + E D= 2301. —— — 2.571304 
So is the Difference of the Sides AD - E D = 227. — — 1.342422 
To the alternate Baſe — AI = 33.65 — 1. 526946 

Add the true Baſe AE x —— 85. 1 5 
The Sum is "i 22 118.65 > Leagues. 

The half of which is AK = — 59.32 } 

Is to Radius — — a 10. 4 
So is A K = 59.32 1 1 e 1.773201 
To the S. c. of A DK —_ He 5 — 9.922708 
To this add g A= — — e 0 | „ 15 
And this is the Courſe from the e third Port at E to the firſt at A. 

3. As D E= 54 Leagues, 1 2 ar. 3 5 8.267606 
I to the Sine of DA AE = 999: — — 9.796049 
80 is AD = 76 Leagues — — 7.88081 13 
To the Sine of the Angle AED = 61® : 38 — 68 
To which add the _ AEW =61 : pr FATTY 


hs Som is - — Wed 0 
"The Supplement of which is DE x = 1 


57 : 10. f. e. N. Eb. E. oe: 55 E. 
| The Courſe from the ſecond Port to th third, ns 


The 
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The next four Problems are tiſed in turning to Windward, 


7 Prob. 1. 


Surposk the Wind at South, and a Ship is bound from the Port at A, to another at B 100 
Miles directly to Windward, who can lie no nearer the Wind than 75: 31' from it; I de- 
mand the Diſtance upon each Tack to gain the Port ? | 


GEOMETRICALLY. 


1. DRaw AB to repreſent Part of the Meridian; and from any Point therein, asA, ſet off x00 
Miles by a Line of equal Parts, from A to B. | 


2. Upon the Points A and B, with 60 Degrees in your Compaſſes from a Line of Chords, de- 

ſcribe the Arches 60, and /n; upon theſe ſet 750: 31/ from b, and / to d, and g; thro' which 
Points V. A and B draw Ar, and By, which will interſect in C, and complete the Tri- 
an gl e A ; | | | | 


N * 
A : | 5 | | 3 
7 
8 ä 
1 
| % Lo AAT ARA. 
Tux Angle BA C is — 1 
and ABC 75 + 3L 
Their Sum is „„ x 02 
Whoſe Supplement is — 3 26=ACB. 
Now ſay, As the Sine of 28“: 58 — co. ar. — 0.314885 
Is to AB = 100 Miles — — — 2:. 
' $0 is the Sine of the Angle at A= 75: 31 — 9.985974 
To the Side B C 200 Miles fere — 2 3008 590 = AC. 


Hence her Diſtance upon each I ack is 200 Miles, or 400 Miles in both. 


prob. 
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Prob. 2. 


ks A,be a Port from whence aShip ſet fail to another at B, bearing directly ſouth from A, 
and diſtant 100 Miles, the Wind at ſouth (ſhe making one or many Boards) doth run 300 Miles 
before ſhe can reach B ; I demand how near =o Wind ſhe makes her Way good? 


GEOMETRICALLY. 


= = 
1. Draw the Line A B for the Meridian, and. A; 1 
from A ſet off 100 Miles to B. 


2. TAKE 150 Miles in your cs and 
ſetting one Foot in A and B, ſeverally with 
the other deſcribe the Arches « d, and ab, 
theſe will interſect one another in C, from WY 
whence draw CA, and CB; ſo the Tri- 
angle A BC will be complete. 


/00_ 


Wind 
Wind 


By the LoGARITH MS. 


From C, draw CD at Right Angles to A B; then in the Right-angled Triangle ADCyou 
have AD= 50 Miles, and AC = 150: Then to find the Angle D AC, ſay, 


As the Side AC= 150 — CW. ar. — 7. 823909 
Is to Radius — — — 10. | 

So is A D = 50 — 1.698970 
To the Sine of the Angle A O D 85 10 287 — 9.522879 


Whoſe Complement is 70%: 32' = DAC ; which ſhews that ſhe makes her Way m_ 


within 70? : 32/ of the Wind. 


LET the Diſtanee from A to o E be 100 Miles South-Weſt, the Wind at South ; and let the 
Ship make her Way good within 70%: 32 of the Wind; I demand the Diſtance A C and E C, 
that is, the Ship's Way by dead Reckoning upon one Tack, and upon the other? | 


* | GEO. 


1. 
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Draw A B for Part of the Meridian; and upon A, as a Centre deſcribe the Arch ho; upon 
which ſet 459 : o/ from 6 to d, and 70%: 32' from þ to p; and thro” d, and p, draw the Lines 
Aw, and A x, and upon A t ſet 100 Miles from A to E; then thro' E draw a Meridian NS 


>. With 60 in your Compaſſes, and one Foot in E, draw the Arch » 9, upon which from u 


ſet 1720 : 22/ to 9: Then thro' ? and E draw the B ? E C, which will cut the Line Ax in C, 
* | 


TE Angle pAbis 


Now to find AC, fay, 


. 


omplete the Oblique-angled Triangle A E C. 


d x ** 
* * 
77 5 e 


By the LOoGARITH MSV. 


| | 70⁰ 2 327 
From which take 4A b = — 45 2 00 

There remains p Ad = — 25 32 
The Supplement of which is the Angle AC B 38 : 56 
To this addp Ad= 1 


The Sum is the external Angle AEB= — 64 : 28 
As the Sine of AC B = 38? : 560 


— C0. ar. — 0.201753 
Is to AE = 100 —— — — 2 
So is the Sine of A EB = 64: 210 —: — 9.955367 
TO AC = 143.6 — — — 2.157 120 


For 
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For CE, ſay, | 1 
Is to AE= 100 ) Miles — —— 2: 
do is the Sine of p Ad = 259 : 32 W — 8. 366 
To CE = 68:6 — — — 1.83626 


Tuvus it appears, that to fail from A to E, which is South · weſt oo Miles, with the Wind 
at South, and making her Way good wirhin m0? : 32 of the Wind, ſhe muſt fail with her 
Lorboard-tack-aboard near 143.6 Miles, and with her Star-board-tack-aboard near 68.6 Miles, 
in 1 All 212.2 Miles, that is W. S. W. 39: 2 W. 143.6 — and E. S. E. 30: 2“ Eaſt 68.6 


Prob. 4. 


Lr the Diſtance from A to E be roo Miles, the Wind at South; a Ship ſails from A to C, 
ſo near the Wind as ſhe can, 143.6 Miles, and from C to E 68.6 Miles ; ; I demand how near 
the Wind ſhe makes her 1 — ? 


From — AC=BC= 1. 
Take — — on Jn the laſt Figure. 
Remains — E B 555 


Now in the Oblique-angled Triangle EAB you have the Sides AE, and E B,with theAngle 
EAB = 45: o! to find the Angle E B A. 


Say, As the side E B = 75 Miles co. ar. - — 8. 1249 
Is to the Sine of 459 2: o/ - — 1 0 
So is the Side AE = 100 — — 

To the Sine of the Angle EBA =P 8 BAC — 9.974424 


HEN CE we conclude, that ſhe makes her Way good within 702? : 32/ of the Wind; ſo that the 
Wind being at South, ſne makes her "may good upon the one Tack W. S. W. 3 21 W. and 
upon the other E. S. E. 3: 2, E. 


_ Here perhaps the Reader might expect, that I ſhould hn gone on to Problems of parallel 

Sailing, Sailing in a Current, &c. But becauſe many very good Authors, as Mr. Hodgſon, Harris, 
Atkinſon, Ward, &c. have handled what is of moſt Uſe in theſe already with Applauſe, and what 
I have done, or ſhall do in Navigation, being only to excite the inquiſitive Reader to look © over 
ſuch Authors, I.ſhall only touch upon Mercator 8, and Great Circle — | 8 


CHAP. 
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"CHAT MX 
* Mercator's Sailing. 
H A T Plain Sailing is erroneous will appear to any one who knows that it is built upon a 
1 Suppoſition'that the Earth is flat, or a plain Superficies, as before ſaid, and not ſpherical, 
as it really is; and as all Maps or Charts drawn F to that Opinion muſt have been falſe. 
Ptolemey, many hundred Years ſince gave ſome Hints of a better Method 7 ns cting them; 
however this was not much minded, until Mercator publiſh'd a Map of that » whence it is 
called Merrator s Chart. 3 . | 
Bur Mr. Mrigbt taking this Matter into Conſideration, was the firſt who compoſed Tables 
of meridional Parts, as you have them in a Treatiſe of his, intitled, The GorrefFion of Errors in 
Navigation: Printed, Anno 1610, in which he hath ſhewed how to enlarge the Degrees of the 
Meridian towards the Poles in the ſame Proportion that the Parallels of Latitude do decreaſe 
towards them; this he did by the continual Addition of the Secants of 1%, 2/, 3', 4 5% 6, Ce. 
But the learned Dr. Halley bath given us various Methods of computing the ſame to the utmoſt 
Exactneſs. See Philiſaphical Tranſaftians, No 219. 5 
That the Meaſure of a Degree of Longitude in any Parallel of Latitude is leſs than a Degree 
of Longitude in the Equinoctial, in ſuch Proportion as the Semidiameter of the Parallel is to 
the Semidiameter of the Equinoctial, may be proved thus: Let A B C be one quarter of any 
Meridian, and let A repreſent one of the Poles, and CE the Semidiameter of the Equinoctial, 
BC the Latitude of any Place, and F B the Semidiameter of that Parallel. ET, 
Tux is BD the Sine, and BF (= E D) the Co- ſine of that Latitude. 


Now fince the Peripheries of all Circles are in a direct Proportion to their Diameters, conſe- 
quently they are in a direct Proportion to their Semidiameters, and 


EY KY HED ESD GO OS COPY I AUD GE GC GENS ER OYD US HE IOW Is 


As the Periphery of one Circle | A 
Is to the Periphery of another ps 
} So is any Part of the firſt Circles Periphery — 1 B 
Lo the like Part of the ſecond Circles Periphery * 


JJ ˙. ²p 
As E C the Radius of the Equinoctial 
Is to F B the Co- ſine of any Latitude | 
So is any Difference of Longitude in Miles FEES © | 
( To the Number of Miles in that Parallel which are contain, dc | 6] 
r | ” 2 
Situde. | „„ | 


F 


#3. 
SUPPOSE it was required to find how many Miles in the Latitude of 54 Degrees will be equal 


to one Degree of Longitude, viz. 60 Miles in the Equinoctial. 
It will be as Radius 3 ae 


— 1 
Is to the Co- ſine of the Latitude —— — — 9.769219 
So is the Difference of Longitude 60 Miles — 1.778151 
To the Number of Miles required 35-26 —— . 547 350 
| Nun | 


ACCORD» 
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AccorniNG to this Analogy, the following Table was calculated, by which having any La- 
titude given, you may find how many Miles muſt be taken to make one Degree of Longitude 
in that Latitude. 

So againſt the Latitude of 38 Degrees you have 47.28 Miles, and againſt 709 f is 20. 52. 

Bur if the given Latitude conſiſts of Beg ees and Minutes, you muſt find the Difference of 
Miles and Parts, or Parts between the given | Degrets, and thoſe next above, then ſay, 

As 60 is to that Difference, ſo are the Minutes given to a proportional Part of the Difference 
which ſubſtract from the Miles and Parts that you found againſt the given Degrees of Latitude, 
and what remains s will be the Miles and ada for the 1 inutes given, 


E X A MEL k. 


I demand the Miles anſwering to a Degree of beside in the Leticets of 34: 287. 
AGAINST 34 Degrees you have 49.74, and againſt 35 you have 49.15 their ifference i is 59. 
As 60“: 59: :: 28: 27, ſubſtract this . 27 from 49. 74. and there will remain 49.47 for the 
Miles and decimal Parts required, 

Tux Diſtance failed in any Parallel of Latitude being given to find the Difference of Lon- 

itude. 

6 Ex AMPLE. Suppoſe a Ship in the Latitude of 540 fails directly Eaſt or Weſt, in i that Parallel 
1642 Miles, and it be required how much ſhe has alter'd her Een ore: 


Say, As 8. A r 859 85 ä 9.769219 
Is to Radius — — — — 10. 
So is the meridional Diſtance 1642 ĩZt-— — 3-215373 
To the Difference of Longitude 2793 nt: >} 


3:446154 


+ 
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A TAI, ſhewing how many Miles anſwer to a Degree of Longitude, at 
Lake egree gi | e, at every Degree of 


0 | | 5 


1 


Amke 


x 


Miles. | [© Miles. | © Miles. 


53+9: 

71 53-4 

52-97 

293247 
30 51-96 | 
| Taz Diſtance failed in any Parallel of Latitude being given to find the Difference of Longi- 

tude by the Table. | „5 8 ; 

Ex Ar LE. Suppoſe a Ship in the Latitude of 54* ſails directly Eaſt or Weſt, in that Parallel 

1642 Miles, and it be required how much ſhe has altered her Longitude. + 

AGAINST the given Latitude in the Table you have 35.26, then it will be as 35.26 : 60 :: 


1642: 2793, the Difference of Longitude required. : 455 — 
Fux kx is a Line mark d M. L. (for Middle Latitude) fitted to a Line of Chords, commonly 


placed upon Gunter's Scale; theſe ſerve to the ſame Purpoſe as the Table; for if you extend 
your Compaſſes from the Point in the Braſs Pin, at the Beginning of the Line of Chords, to 
N that Extent will reach from the Point at 60 upon the Line M. L. to 35.26, as by 3 
Table. | WE N 


| 


| 


a 


— cc __ 


; . 
n 7 
». 
* 
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A Table of Mertdional Parts 


f C1] +43 iT F E — ] I. 9 
fo} © | 1| 240.2]-3004] 360.7. 421.1] 481.6 542.20 
Tx 10 250.2] 310.4 370-7 431.1 491-7] 552.41 
20 20 260.3] 320.5 380.8 441.1] 501.8 562.512 
139] 30 270-3] 330.5 390.8 451-3] 511-9] 572-613 
40 40 | 280.3] 340.5 400.9 461.4] 522.0| 582.8 [4 
5 50 290.3 350-6 411.0] 171.5] 532-1] 592.905 
„ 1 55 — EI 
jo 603.1 848.5 910. | 
110 613.2 858.9 920. 
120; 623.4 869.2 931.2 
30] 633.5 1 5 941-51 
40 643-7 889.9] 951.9 
159] 653-9] od L- Fane 
Iv] 20 24 Ti | 
10 1225.1 b 5 1484. 1 1550.0 
1011235.8 a 51495. of 561.0 
2001 246.4 0 . 1506.0 572.11 
1301257. 1 ; . 1.31517. 01583. 2 
4001261.8 1332.1 1390-9 1462.2 1528.01 594.3 
45 1278.5 1342.9 407.8 4731 1539. 1605. 4 
„ 38:13: 2 
01]1888.4|1948.1 2028.4 099.6 [2 Wye 12 
1011899. 91969. [2040.2 ſ2111.5|2183. 56. 
20,19TI-5 1981.4 j2052.0 [2123.4 [2195.7 [2268. 
130 1923. 11993. 12063. 9135.4 [2207. ang 2 
[40/1934-7 2004.9 20 2 0147 4 2219.91]2293- 3 
501946. 4 2016.6 2087.71 59-4 2 F 305: 7 
a eee 
eee sr 7 2863.1 945.0 3030. 0 o[3115.6| 
I 2035: 2714. 9 279 11287 8 2275 3044.13 
2012648.9 [2728.2 [2808.7 2890.5 2 073 7 3955-3 i 
2662.027541. 5 2822.32 355 7.7 4 3159 
40126 1127 4.9 [2635-8291 1 8 3086.9 317 
502686. 4 2, 8. 312849. 5: 2932-0 301 5.83101. 


1 ĩ—ß5i——ĩö5ð5 


A TABLE 


#6 24, 5 * 5 > * ea * 9 
n * Wet TB 4) ante on.” * - ** 
> weſt, 9 * ie 4 * * A * 
8 . * Nn * 1 * ka, \ a 0c fo 6, K ? 
[4 o N x 7 - * 1. 
* 
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359 


nal Parts. 


Table of M 


MST] 527] 3 TT ST f 8[ 59 WM. 
| | — — — — _ — | 
A 3474-5 3864.7] 3968.0] 4073-9] 4182.7] 4294-3] 4409.2] 0 
3490.1 3983. 4991.9] 4201.1] 4313-2] 4428. 6.10 
2003505. 7 3898.80 4003.00 4109.9 4219-5 4332-2] 4448.2|2 
[3935214 3916.0] 4020.6! 4127.9] 4238-11 4351. 4467-813 
14913537-2' 4038.3] 4146.0] 4256. | 4370-3 4487.614 
_ Þ593553-0 4056. 1 4164-3] 4275-5] 4389.8] 4507.5150 
IMI 6 N | 66 67 | 68. | 6g py 
4 of 5939-5] $178.8| 5323.6] 5474-0] 5630.9 5794.6] 0: 
5002.3] 5202.6| 5348.2] 5499.7] 5657.6 5822.611 
5085.3} 5226.5] 5373-0] 5525.6 5684.6] 5850.8 
5108.5} 5250-5] 5398.0 5551-61 5711.8] 5879.30 
5274-7] 5423*2} 5577-9] 5739-2 58535 
5299-0] 5448.5] 5604.3] 5766.8] 5036.85 
M 70 | 7: | 72 | T9 6] 7 | BS MY 
| o[5966.0[6145-716334-9] 653 J 7210.9] 7467.2 7744-6} 8045.7) ol 
.616307.4| 65 ; = 7251.6] 7511.9] 7792.9] 8098.50 
1 207. 6 6400.2 660 5819.00 7048.4 7293-6} 7557-2] 7842.00 8152. 1% 
3 6239.0 9433-24 6638.5] 6856.2] 7088.1] 7336.2] 7603. 1 7891.8] 8206. 503 
4 270.7 [0400.7 a 8.3 7379.4 7649. 7942-4] 8261. 840 
50% 115. 1% 302.6500. 4 6709 7423-0] 7696.8 7993-7] 8318. 1% 
| NG | 
M 8 | 8: | 82 [| |%6|& | 8 | 8% e 
08375. 38739. 19145. 6 9605.9h10137.0/10764.9]11532-0[12522.3/13916.6[16299.8 o| 
10184.33.3]8803.619218.1 9689.0,10234-0 10881.4{11079.1[12718.8114215.8[16926.5|10] 
2008492. 318869. 3029.3 9 74-919333-0 11002.2[11832.012927.411454-3:5117693-6]20} 
30085 52. 389 36.20 368.1 cen zue; 611127. 4½ 1992. 0% 3149. 314905. 818682. 513 
_ (40,8013.4 [9004.61944.5.6| 9950. 10542.6 11257. 212159. 9% 3386.61 5 310. 720075. 240 
50 8675.212074. 4224.810042. 6,1651. 9111392. 112 330.311 3641. 415769 -8122458. olso 


you 


= 


By the Help of this Table (which is calculated to every 10 Minutes of a Degree of Lati- 
tude from the Equinoctial to the Poles) having the Latitudes of two Places given, you may 
find the merigional Miles or Minutes between them; in order to this, 
whether the Places be one under the Equinoctial, and the other on the North or South Side 
thereof; or the one on one Side of the Equinoctial, and the other on the other Side; or whe- 
ther they both lie on the ſame Side; for according to theſe Poſitions, there are Three Cafes. 


muſt confider 


Cale 
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Ir one of the propoſed Places be under the Equinoctial, and the other have either North 
or South Latitude, the meridional Parts found againft the Latitude, will be the meridional 
Difference of Latitude, or Latitude enlarged. e . 


p * ü : | : 155 * 
| SupPosE it be required to find the meridional Parts between the Equinoctial and the 
Latitude of 50* : 30“ in the Column under 50% and againſt 30“ ſtand 3521.4, which are the 
meridional Parts require. | ES | 


Cale 2. 


Ir the two Places propos'd are in contrary Hemiſpheres, viz. if one of them have North, 
and the other South Latitude, then the Sum of the meridional Parts found againſt each La- 
titude, will be the meridional Minutes required. 2 


E X AMP L. E. 


Lr it be required to find the meridional Parts between the Latitude of 259 : 10“ South 
and 51% : 30 North. 3 FT e | 


Under 259 and againſt 10“ is — — —— 1561. o 
Under 51 and againſt 30“ is — — — — 3616.8 


The meridional Parts between them are . * . 5177.8 


Cale 3. 
Ir the tuo Places propoſed are both in one Hemiſphere, viz. either both North, or both 
South, then the Difference of the meridional Parts found againſt each Latitude, will be the 
meridional Parts required. OY ng 8 


E XAMPLE. 


Lr it be required to find the meridional Parts between the Latitude of 259 : 400 and 
the Latitude of 519 : 50” both North. „ N | 
Under 51*, and againſt 50 is —! —— 


— 3649.0 
And under 259, and againſt 40 I, 


The meridional Parts between the Latitudes propoſed are —— —— 2054-7 


Wuen che given Latitude conſiſts of any Number of Degrees contain'd in this Table, 
and Minutes between 10“ and 20, 3o/ and 40, Cc. you may find the meridional Parts, by 
taking the Parts proportional, wi om winner is oi yo — 8 


SUPPOSE 
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SUPPOSE it be required to find the meridional Parts anſwering to 360 : ME 


Under 36, and againſt 40'i is 2367.7 
Under 36%, and againſt 50" is — — 2381.0 
Their Difference is ” 3 — — 13.3 
Parts 
Then, As 10: 13.3 :: 47: to — — — $432 
Add 5.32 to 2367. 7, and the Sum i is the meridional Parts required — 2373.02 


TERRE are two Lines upon Gunter's Scale, one is 18 at the Bealuning with Mer. for Me- 
ridian, and the other with E. P. for equal Parts, theſe are to ſupply the Want of a Table of 
meridional Parts, thus, Let it be required to find the meridional Parts anſwering to the Latitude 
of 25 Degrees. 

ExTEND your Compaſſes from the Braſs Point at the Beginning of the meridian Line to 2 5 
Degrees upon the ſame Line, then ſet one Foot upon 20 in the Line of equal Parts, and the 


other will reach to about 25.8 3, which being multiplied by 60 will produce 1549.8 for the me- 
ridional Parts required. 


AGAIN, Let it be required to find the meridional Parts for the Latitude of 58: 
ExTEND your Compaſſes from the Beginning of the meridional Line to 58 : 4 ck plac- 
ing one Foot i in 70 on the Line of equal Parts, the other will be on about 72.52, that is 72 De- 


grees, and 1885 of a Degree; multiply this by 60, and the Product will be 4351-2, for the me- 
ridional — required. 


TERRE are Rules (deduced from Dr. Haley 5 Works) to ſupply the Want of a Table of 
meridional Parts by a Table of Logarithmic Tangents, As, 


- "MM Y To find the meridional Parts to any given * 


R * L E. 


To the given Lakitude add 900, then find the Tangent of half that "Vp from which ſub- 


ſtract Radius, then divide the Remainder by 1263.3 and the Quotient will be the true meridio- 
nal Parts contained between the Equinoctial and that Latitude. 


EXAMPLE 1. 


Tax it be required to find the meridional Parts contained between the Equinoctial and: the 
Latitude of 30: 40 


The given Latitude 26” 2 40⁰ + go? = = 1262 : 40, half of that is 63 ® 


: 207 
The Tangent of which is 8 3 0 10.209 1070 
From which take Radius ge 10. 
There remains o. 2991070 


Which divided by 1263.3 gives in the Quotient 2367. .7 the meridional Parts to the Lati- 
tude of 360: 400. 


EXAMPLE 0; 


Lr it be required to find the meridional Parts for the Latitude of 880: 8 
Here 88: 50 + go = * : 50/ the half of which is 89: 25's , and the Tangent there- 


of is — 11. 9921908 
De ee take the üs — „ 
Remains — I. 9921908 


This 
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This * by 1505 3, the Quotient is I 3769.7, the meridional Parts anſwering t. to 


2. To find the — ional Parts contained between the Latitudes of or two Places that are 
cn the fame Side of the a 


1 L E. 


To each of the given Latitudes ad « qo*, the | then and the Tangents of 2 of their half * 
(as before the Difference of theſe two being divided oy 1263.3 the Quotient will be 
| the true meridional Parts contain'd bergen thoſe two Latitudes. | 


EXAMPLE. 


Lx it be "onde to find the meridional Parts between the Latitude of 46 10, and 
16* : 30 both North CO, 


Here 46? : 100 ＋ go? == : TO, its half is 68* : 5', the Tangent i 1s — 10-3954118 
And 16 : 30'+ 987 = 138 4 3 oats $3 : 15 the Tangont is — 116. 
Difference of the Tan gents is — 2685786 


This divided by 1263.3 '3 the Quotient is 2126, for the meridional Parts required. 


3.) To find the meridional Parts contained between the Latitudes ns | Places, ane being 
on the North Side of the Equinoctial, and the other on the South. 


R V 4, E. 


To each of the given Latitudes add go, and find the Tangent to each of their half Sums, 
then add theſe two Tangents together, and their Sum made leſs by twice the Radius, the Re- 


IN —— — by 1263.3, the Quotient is the true meridional 


EXAMPLE. : 


 Suppost it be required to find the meridional Parts between the Latitude of 229 : o! North, 
and the Latitude of 129 : 40” South. 

Latitude North 220: 0+ go* = 1129 : 0' half is 56* its Tangent — 0.110126 
Latitude South 12* : 40 + 90 = = 102 : 40 halt is 337 20 its 3 — 10.0968034 


— 


» Sum of the Tangents 1 1 — | — 1 20.2678 160 
Fre rom which take twice Radius — — — 20.0000000 


Tris being divided "OR 1263. 3 the Quotient wil be 2120, the meridional Parts con- 
tain'd between the two Latitudes. 


To do the ſame by the meridian Line and Line of equal Parts upon Gunter's Scale. 
R U LE. 


ExTzxp your Compaſſes from the be ginning of the * 1 to 12® : 40 * chen a 
that Extent from 220: o! towards the Left-hand, and the Foot towards the Teft hand will 
reach to a certain Point upon the meridian Line, where fix it, then the Diſtance between 
that Point and the beginning of the Line, apply'd to the Line of _ Parts, will * ” 

| abou 


' 
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about 33.3. Which multiply'd by 60 gives 2119.8 near the lime as above, and fo of any 


Cate 1. 


Tus Latitudes of two Places, and their Difference of Longitude, being given to find the 
2 and direct — between — 


JJ 

ApmiT a Ship fails from a.certain Port in the Latitude of 48* : 300 North to another, 
whoſe Latitude is 20* : 10” North, their Difference of Longitude bans 54% 0 "TR 
what will be their direct Courſe and Diſtance ? 


| Latiudes f 50 29} meridiona Pars 5 5 bana 


CI © 0 


Difference 0 * 2 20 | 1436.7 meridional 1 Diſtance. 
3 | 


Miles — 1100 7 5 Gy | 
Difference of Longitude 54% x 60/ = 3240 Difference of Longitude in Minutes. 


f GEOMETRICALLY. 


1. LET A repreſent the Port from whence the Ship ſail'd, from which draw AC= aq 7 
(from a Scale of equal Parts.) 
2. Uron: C erect a Perpendicular, and from a Scale of equal Parts ſet 3240 from C to 
D, then draw A D and the te Triangle will be compleat. 
3. FRoM the ſame Scale of equal Parts, ſet off 1100 Miles from A to B, and from B 
draw BE parallel to CD. | 
A 


3 


In this Fi ure A re cola the Port from whonce the Ship ſet Sail, and E ha Port to ; 
which ſhe Figure A op 1 of the Ship's Courſe, A B the true Difference of Latitude, 
AC is the meridional Difference of Latitude, CD is the true Ditference of LOO: in | 
Miles, B E the Departure, and A E the true Diſtance of the two Ports. | - | | 


A | | Ooo By 


- 


* WAV GAT T0 


D the LoGaniruns 


In the Triangle A c D, we have A C and Jo © = to find the *. at A, or the 
Courſe. 


As A C = 1436.7 — J. =_ I — 3-157 366 
ED Is to Radius — — VV 9 10. 198 
So is CD = 3240, — — — — 3.510545 
To the Tangent of the Angle of the Courſe 66* : : 8. — — 170 


22 — ü 10.3531 
That is S. W 6. W. + 99 q W; | DN 3179 


Acain, in the Triangle ABE there i is given A B arid the Angle at A 66: ＋ to find 
the Diſtance A E. 


. the: 8. e. of 669: v — 2 0˙• 9. 607892 
* to AB = 1100, the proper Difference of Latitude —ͤ — 3. 041393 
So is Radius X — — eee — 10. = 
To AE the Diſtance of the Ports 2714 Miles —— — 3.433501 


Cale © 


Given the Courſe and Diftance, with -one Latitude to find the other Latitude, and Dit: 
| ference of ING 


e E XAM PL E. 


Ls a Ship fails from a Port in the Latitude of 480: F ' North, away S. W. ö. 
at 


W. ＋ 9: 50' W. 2 66 5 South weſterly, 2714 Miles, w Latitude will the be in, 
and what will the "Difference of Longitude be ? 


GEOMETRICALLY. 


1) Draw the Line A C for-the Meridian of the Port A, from which the Ship ſail'd, _ 
from A draw the Line A D to make an Angle with the Meridian of 66 5' ; upon which 
ſet 2714 the Diſtance run from A to E, and from E draw E B at Right- angles to A C, then 
is AB the rer Difference of Latitude 1100 Minutes; which reduced into Degrees, 1s 


— 180: 207 
The L Talled & —_ . 3336.6 
Their Difference is the new Latitude — oo - : | + n Parts ] 1899.9 
; — LAT IIPEII þ — 
The meridional Diſtance is — 1436-7 


2) Tart 1436.7 in your Compaſſes from A ONE of equal Parts, * ſet that off from A 
to C, then from 9 draw C D parallel to BE, and that will compleat the Figure, then take 


CD in your Compaſſes to the Line of equal Parts, and you find it to be 3240, for the 
Difference of Longitude; that is 4 


By 


* P 
7 * 8 J 


— 
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By the LoGARITHMS. 


In the Right-angled Triangle ABE is given the Angle of the nne 669 : be 
and Diſtance run AE= 2714 Miles to find the Difference of Latitude A B. 


As Radius. | =; 2 —— 5 — 10. 

Is to the Diſtance run A 4K * = +, N — ö N 3433609 

So, i is the S. c. of the Courſe = = 66? : — — 7892 
To. the Difference of Latitude x00' = 18: 200 — — ö 3.041 501 


By the Difference of Latitude, and the given Latitude 489 : 30! the new Latitude will be 
30%: 10“ and the meridional. Parts between theſe two Lahde will be A S 1436. 7 as 


before. 
Then in the Night. angled Triangle A CD, you have A C = 1436. 7 and the Angle of 


the Courſe 660: 5 to find the Difference of Longitude C D. 


As Radius — — ha: 15] — 3 1% Ä 
Is to the meridional Diſtance A 2 1555 7 — — 3 77566 
80 is the Tangent of the Courſe 66: — — — 10.353179 
"To CD= = 3240 the Difference of Longitude — 1 a 3.510545 


Which divided by 60/ gives 54%: o. for the Difference of re in Degrees toads 


the Weſt. (See the laſt Figure.) 


G1ven the Latitude of two Places, and the * 1 to find their Diſtance and 


Difference of e 
OS 4 EXAMPLE. 


- Airs a Ship ſails from the Latitude of 309 : 10“ North, upon 4 N. E. ö. E. Courſe 
Ne : 50” more Eaſterly, till ſhe comes into the Latitude of 48“: 30 » What is her. „Der 
alled, and how much hath ſhe altered her Longitude ? | 
GEOMETRICALLY. 

1) DRawCA for the Meridian of the Place. at A (from whence the Ship did fail) upon 
which from a Line of equal Parts ſet off the Difference of Latitudes 18? : 20' = 1100 
Miles from A to B, and from A draw A D upon the Eaſt * of the Meridian, making 


an Angle therewith of 669: 5/- the given Courſe. 

1 FROM B draw B E to cut AD in E, ſo is A E the Dilance run, which being meaſured 
by the Line of equal Parts, will be 2714 Miles. 

3 ) Take in your Compaſſes from the Line of equal Parts, the meridional Parts between: 
the two Latitudes 1436.7, and ſet that upon the Meridian from A to C, and from C draw 

Cb parallel to B E, this Line will A the Figure, and being meaſured by the Line 
of equal Parts, is 3240 Miles, or 54%: O,, 50 Difference of Longitude r | 


Q 6. 
Bl 


Ooo 2 By 
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By the Locanirms 


7) In the Triangle ABE you kave AB= 1100 Miles, and the Angle» at A= 66: 57 to 
find A E, fay, 


As the S. . of 660: 5 * — — — — — _ 9.607892 

Is to 110 — — — — — _ 3-04 

So is Radius 7 15 e e e yen | 5. s 39 
To the Diſtance r run A E = 2714 Miles as — — 3. 45 


Ae AIN in the Triangle ACD 57 ou have the Side AC= 15367 and Angle of the 
Courſe A = 66* : 5 to find the Difference of — CD ſay, 


As the S. c. of 669 : 5 — — (0. ar. 9.392108 
Is to AC 1436.7 — — — — 3-157366 
So is the Sine of 66˙: 5 —— — —— 3 96 1011 
To the Difference of Longitude OD = 3240 — — 3 5 10485 


Which being divided by 60 give 54* : 00 


Cale 4 


| Tas Latitude of two Places, and Diſtance, being given to find the Courſe, and the Dit- 
ference of Longitude. 


_ Apmir a Ship fails from the Latitude of 480: 30“ North, between the South and the 
Weſt 2714 Miles, and then is found to be in *he Latiude of 30? : 10' North, tis requir'd 
to find what Courſe ſhe hath ſailed upon, and how many Degrees the hath altered ow Lon- 


n 4 
Latitudes tho £8 1 . Parts — 1 


Difference 18 : Difference — — 7430. 7 = = : A G 


GEOMETRICALL v. 5 


1) Draw A C for the Meridian of the Place at A, then take 1100 in your Compaſſes from 


a Line of equal Parts, and lay that Gon. from A to B, and from B raw the Line 5 E at 
Right- angles to A C. 


2) TAKE 2714 from a Line of equal Parts, and ſetting one Foot of your Compaſſes in A, 
turn the other about until it cuts BE in E, and thro' E draw AD : Now the Angle of the 

Courſe at A being form'd, you ma meaſure it by the Help of a Line of Chords, and 

find it to be 669: 5 that is S. W. 6. W. + 9? : 50' Weſterly, for the Ship's Courſe. 


2) TAKE 1436.7 from a Line of 8 Parts, and lay that down from A to C, ns from C 
draw C D parallel to B E, and that will complete the Figure. 


4) TAKE CD in s Compaſſes, and that Extent being apply'd to the Line of in Parts, : 
l 


- will give 3240 Minutes of Longitude ; which reduced into Degrees, is 54* ; oꝰ the Dit- 
ference of Longitude required, 


By 


. 
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By the 10 H M 8, 
1) In the Right-angled Triangle A BE, is given AB = 


1100, and AE = : 2714, to find 
the Angle of the Courſe A, ſay, 
As 2714. ö — ee 3.483609 
Is to Radius CIR — — — 10. 
So is 1100 — — — — — 3.041393 
To the S. c. of the Courſe 66: 5? — — — 9607784 
2) In the Right-angled Triangle AC D, you have : AC = 1436.7, and Angle of the 
Courſe A = 66: 5% to find C D, fay, _ e 
As Radius . — — — — 10. 
Is to A C 1436. — — m — — 3. 157366 
So is the Tangent ar 660: 5 — e i 
To CD = 3240 Minutes = 54: o! the Difference of Longitude FN DFO 3. Froehs 5 
3 


Cale 5. 


Given one Latitude, the Courſe, and Difference of Longitude to find the other Lati- 


E X A EEE... 
A a Ship ſails from a certain Port at A, in the Latitude of 48* 
b. W. + 9: 50' weſterly = 66: 


TD. North, 85 
5, until the Ditference of Longitude be 54 
= 3240 Minutes, what Laticude will ſhe” be in, and what is the Diſtance run? | 
GEOMETRECALLY.;-- 

1) Draw A C for the Meridian of the Port the Ship fail'd from, and upon any Point therein 
as at C, erect a perpendicular C D, then take 3240 in your Compaſſes from a Line of 
equal Parts, and lay that Extent from C to D. 

2) Takx 60 Degrees in your Compaſſes from a Line of Chords, and ſetting one Foot in 1D, 


with the other deſcribe the Arch go, from ꝙ ſet 23“: 55' (the Complement of the Courſe) 
to p, then from D thro' þ draw a Line until it cuts the Meridian in A, ſo is A the Port 


from 
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take from 489 305 and there will remain 18 


from which the abip aid fail, 1 ACi is the meridional Difference of + Link which by 
the Line of equal'Pirts. you will find to be 1436.7. | | 


The meridional Parts of the given ee £5 <6 Wa — 3336.6 
From which wy 3 F Z 2436.7 
Remains the meridional Parts of the new. „ Latitude | | 

Which in the Table of meridional Parts 1 309 1095 the Latitude required, 10 


: 20 = 1100 Miles. 


2.) Tax 1100; and lay that off from A to B, and from B draw BE parallel to CD, and 


cink will complete the Figure, then take A E to the WER we he A nn Me it will give 2714, 


the Diſtance Run. (See the laſt Figure.) eee 1 
By the Led i vi. s 


1. In the Triangle AC D, you have the Angle of the Courſe A = 66® : 57, and Difference 
of Longitude C D = 3240, 2 find A O, fa 7 


As the Sine of the Courſe 661 * . N — 8. 038989 
Is to DC = 3240 ET! ne ER | 7 
80 is the 8. c. of the Courſe 3 — — 9. 607892 
To AC= 1436.7 5 — 3.157426 | 


By this, and the di Parts of the given ale 3 you will find the new Latitude to 
be zo” 100, and the Difference of Latitudes to be 1 100 Miles, as above. 
Is the Triangle ABE, you have the Angle of the Courſe A = 66 5 and Difrenc of La- 
titude AB= r100 Miles, to find AE, * ER 


As S. c. of 66D : 'Y — n — 9.60780 
Is to 1100 3 a, — 0 
80 is Radius — 3 el ͤ ——— 10. 

To the Diſtance Run AE= = 2714 | „ | — 


Cale 6. 


Linn both Latitudes, and Departure, to find the Courſe, the Diſtance ſail'd, and Diffe- 
rence of Longitude. 
EXAMPLE: + 


| SupPosE a Ship ſailed from a certain Port at A, in the Latitude of 48% 4 307 North beer den 
the South and the Weſt, until ſhe come into the Latitude of 309 : 10 North, and her De- 
parture be 2481 Miles, I demand her Courſe, the Diſtance ſailed, and Difference of Longitude. 


GEOMETRICALLY. 


1.) DrRaw A C fer the Meridian, then the Difference of Latitude being 180 10 1100 
Miles, take this in your Compaſſes from the Line of equal Parts, and lay it down from AtoB, 
and upon B ered the Perpendiculir B E, upon which ſet 2481 from B to E; then thro” E draw 


AQ out at Pleaſure, ſo will AE be: me Diltance yl d which being meaſures by the Line ot: 
equal Parts is 2714 Miles. 0 


2.) TAKE 60 Degrees i in your Compaſſes, out of the Line of Chords, and ſetting one Foot 
in A, with the other deſcribe the Arch g o, then take 7 5 in your Compalles to the * Chor Ya 
| 10rd; 


x. 4 
"= #” 
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Chords, and you will find that Part of t eArch ro be 669": which is the An f theC 1 
Num, rly, S's gle of the Courſe 


Latitudes J 487: 3336.6 

„ yy 30 : 10 A; denen Par Parts bY Bong 
Difference = 1436.7 

) TaxE 7436. .7 from the Line of equal Parts, and ſet that off from A to C, and from 0 

al C D paralell to be B E; until it cuts A Qin D, ſo will the Figure be complete; and C 5 

being meaſured by the Line of equal Parts will be found to contain 3240 Minutes, or 54: 

for the Difference of 9 require d. 


Bs 4 
% * F > © ?} * 


1 


By the LocAkTThUs. 
70 In the Triangle A B E, you have the Difference of Latitude A B = 1100 Miles, and 


Departure BE = 2481 Miles, to find the Angle of the Couere # A, „ fay, 


A8 1100 — 25 3-041393 
Ts to Radius = e — "Rn 
80 1 is 2481 — — — 3-394072 


To the Tangent of the Courſe 660 : : : 6? or 8. W. 5. W. * 99 500 weſterly—— 10.353276 | 
2.) Fox the Diſtance run AE, fay, 


As the S. c. 66® : 5 — — — 9.607892 
is to 1100 7 | — : — — 3.041303 
So is Radius — — — 10. a 
To the Diſtance Run 2714 — 3.433 501 5 


3. Tu meridional Parts between the two given Latitudes was found to, be 1436.7. Now 
in the Triangle A CD, you have the Angle of the Courſe D A C= why": : 5/, and Side AC 


1436. 77 to find C D, fay, As Radius — 10. 
Is to 14 30175 — — | — 2 
So is the Tangent of the Cou LOR 00” 2 5 OG, —_— 10:35 3579 


To CD = 3240 Minutes, or 54* : o', the Longitude required * 3˙51 0545 
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SGtvxx one Latitude, the Courſe, and Departure, to find the other Latitude, the Diſtance 


run, and Difference of Longitude. 


SUPPOSE a Ship failed from the Latitude of 489 : 308. E. ö. E. + o: 50 eaſterly, until 


| ſhe had departed from the Meridian 2481 Miles; what Latitude is ſhe hen in ; what is the Di- 


* 


ſtance run, and Difference of Longitude? 
"-GEOMETRICALLY. 


34] Dx aw AC for the Meridian of the Place from which the Ship ſet ſail, then upon any 
convenient Point therein, as at B, erect a Perpendicular BE, and from B ſet off 2481, to E, 


ſo is BE the Departure. 


25) TAKE in your Compaſſes 60 Degrees from a Line of Chords ; and ſetting one Foot in 


E, with the other deſcribe the Arch go, upon which ſet 235 55' (the Complement of the 


Courſe) to p, and thro* E and p draw the Line Q E p continued to cut the Meridian in A; then 

A ſhall repreſent the Place from which the Ship ſet ſail, AE the Diſtance run = 2714, and 

AB = 1100' = 18? : 20}, both meaſured by the Line of equal Parts. | 
The Latitude the Ship was in at A = 480: 30“ meridional Parts — 3336.6 
Difference of Latitude ſubſtract — -.18 ; 20 0 e why 


Remains the new Latitude  — 30: 10 meridional Parts — 1899.9 
Dh. — — — 54 


3.) TAKE this Differcnce 1436.7 in your Compaſſes from the Line of equal Parts, and ſet 


that Extent from A to C, and from C draw CD parallel to B E, and the Figure will be com- 


plete; and CD being meaſured by the iLne of equal Parts will be 3243 Minutes = 54* : O 
% ⁰ v ond inn pt ens | 
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4 THEN By ee | 8 x 
to 5 the Diſtance run, ſay, oy 5 eparture B 240 r, 


As the Sine of the Courſe ti : '5 | — 81 —— 9. g6rorx 
Is to the Departure 2431 Miles — — — 
So is Radius e — e 3300697 
To the Diftance Run 2714 Miles — — 3.433616 
2.) Fox the Difference of Latitude, ſay, | | 7 
"Mm 8 — Courſe 66: 5 — — 10. 353119 
to the ** r — — 2.38627 
80 is Radius „% èÜ (bQ U); 8 . 4 * 
To the Dilterence of Latitude AB= - 2100 Miles = = 189 : 20”. 71 1 rs — 3: 041508 
Given Latitude 48? : an — — VMeridional parts 3 i 
New Latitude 30: 10 25 gu”: 30 = — 182: 29) Meridional Parts — 3356.6 9 
Difference is AC — 8 — 7 
3. To find the Difference of Longitude CD, 47. n 3 
As the 8. c. of the Courſe, co. ar. 5 — 4 392108 
Is to AC 1436.7 — — — 7300 
So is the Sine o the Courſe 6% ͤ -B — 7 
To CD 240 = = 54" 0), the Longitude required — 3 3-50485 


Grat C irtle 8 ** 


Pk E F 0 R E we give Examples in this Fart of Sailing, it will be of Uſe to know hw 


To protect the Sphere upon the Plane of the Meridian. 
Tur Projection of the Sphere upon the Plane of the Meridian may be ſaid to be of two Sorts, 


viz. One particular, becauſe to a particular Latitude and Time, and made uſe of in Aſtronomy. 4 


The other univerſal, and uſed i in Geography, and ä and the Manner of Drawing 
ſuch a Projection is as follows; 


1. Draw the Line AC, of what Length ye ou pleaſe, for the Eo and divide it into two 
equal Farts in the Font B, fo willA Band B 6 be the Diameters of two Hemiſpheres. (See Fig. 1ſt. 


2. Divide A B, and B C into two equal Parts in the Points B, TY 4, and theſe are the Cen- 


ters of the Hemiſ pheres, upon Which the Radius A . or Bd deſeribe the primitive Circles | 


: ANBS, and BNCI for the firſt Meridian. 


3. Da Aw N. 8. thro' the Points 6, and d at Right- angles with the 88 and thoſe Lines 
will cut the Meridian in N. the N orth Pole, and S. the South Pole. 


4. Tux Circles or Parallels of Latitude, 10, 20 30, 40, &c. being all parallel to the Equator, 
or Right-circles AB and BC, you may draw them as directed at Prob. 9. Chap. 11. Thus, 


P pP | Suppoſe - 
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Suppoſe you would draw the Parallel of 30 rees from the Equator A B: Firſt, from the 
. Line of Chords take 30 Degrees, and ſet that Extent from A, B, and C, towards N and 8. 
Then ſet the Tangent of 60 Degrees (the Complement of 39”) from 30 to x andy; or the Se- 
cant of 60 Degrees from the Centres band d, to x and y: 80 will the Points x, and y be the 
Centres of two Parallels of Latitude, one North, and the other South, from the Equator. Then 
ſet one Foot of your Compaſſes in æ or y, and extend the other to 309; that Extent is the 
Radius of the Parallel, at which deſeribe it, in like manner proceed to draw the reſt. Nete, 


That x is ſuppoſed to be as much above 0, as y is below it. 


. <q F ö 9 


—— 


J draw the MAIDIANs, or CI cIES of Longitude, | 


1. Becavss theſe are uſually drawn thro” every roth * of the Equator, they will make 
Angles with the Meridian, or Primitive Circle at the Poles N and S of 10, 20, 30, 40, 
50, 60, 70, and 80 Degrees: Therefore by Caſe 2d of Prob. 2d, Chap. I ith, ſet the Lan- 

=. | gents of 10, 20, 30, 40, Cc. from the Centre ö, towards B, or beyond it upon Occafion, 

=o or the Secants of — fame Angles from N or S the ſame Way, and you will have the 

= Centres of the Meridians that are to interſect the Equator between A and 5. 


2. With one Foot of your Compaſſes in any of theſe Centres, and the other extended to 
N or 8 deſcribe the Meridians, c. In like manner you may find the Centers of all the 
Meridians between B and þ, by ſetting the Tangents 10, 20, 30, 40, Cc. Degrees from 
3, towards A, or beyond, or the Secants of the fame Angles from N or 8 (as before) the 

fame Way, and draw them at the Diſtance of thoſe Centres from N or 8. | 


J dcm the Edliptic A es Band- B vg C, which makes an Angle with the Primitive Cir- 
„ 91 = BB ww. od rs 


Take the Tangent of 66: 31“, and lay it from ö toz and from d to o; or the Se- 
cant of the ſame Angle, laid from A or B, will reach to the ſame Points; and theſe are the 
Centres of the North and South Part of the Ecliptic : Upon them deſcribe the Arch A B 
for the North Part, and B C for the South Part. Noze, That o is ſuppoſed to be as much 

GREET 1 6? Y Fi 


= 7 divide the Ectipric into Signs, &c. 


Y . 1. By Caſe the 3d of Prob. iſt, Chap. 11. find the Pole of the North Part at a, and of the 
LJ 
2 2. Lay a Ruler upon u, and 30 Degrees and 600 of the Primitive Circle in the Quadrants 
3 : A 1 and B N; and it will cut the North P art of the Ecliptic in yg 5 1, K and MW. HE 
Ac Alx, 2 Ruler laid upon m, the Pole of the South Part of the Ecliptic, and 0 and 60 
Degrees of the Primitiye, in the Quadrants 8 B and S C, will cut that Part of the Ediptic in 


The Tropics of Cancer and Capricorn are drawn the ſame Way as were the Parallels of 
Latituge, but at the Diſtance of 230: 29' from the Equator, 
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ling bein the trueſt way of direQing : a Ship from one Place to another, 
rh e to a it in Practice by keeping to the Arch of a great Circle that paſ- 
ſes over both Places, ſo by having the Latitudes and Longitudes of any two Places given, 
then how to find their neareſt nee, &c. will be eaſily known by. mak follows. 


Ir the two places . lie under the ſame « Meridian, hw the Arch of their Diference 
of Latitude is the Arch of their neareſt Diſtance. ; 
Tuis admits of three VARIETIES. 


VarIETY I. If one Place is under the Equator, Ry the other in the 8 or 


Southern Hemiſphere, then the Latitude of the Place, that is in the Northern or Southern 


Hemiſphere, is the Difference of Latitude; 3 which bang reduced into Miles Sives their neareſt 5 


. Let one of the given Places be upon the Equator at i, in the Longitude of 


but in 
d the other at 7, in the ſame Longitude, or under the ſame Meridian, 
* af o Degrees North, here the Arch of neareſt Diſtance is 17 30 Degrees, 
or 1800 nautical Miles ow Fig. iſ). 


. If the 
8 both 3 in the Southern Hemiſphere, and under the ſame Meridian, then ſubtract 


the leſſer Latitude out of the greater; and what remains will be the Difference 7 * 
— being reduced into Miles, will be their neareſt Diſtance. 


laces propoſed be on the fume Side of the Equator, or both i in the 
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EXAMPLE. Let one of the Places propoſed be at 7, in the Longitude of 50 8 and 

Latitude of 30 North, and the other in the ſame Longitude alſo, but in the Latitude of 

55 0s och at g, then F'8 is the Difference of Latitude ="I5 Degrees, or 900 Miles 
ig. uſt 

Note, That t, inſtead of multi plying the Number of Degrees of a great. Circle upon the 
Earth's Surface by 60 (a5 above) you wy them by 9 55 200 will have the Number of 
Miles nearer the Truth. 
VARIETV 3. If one of the Places pre ſed be on one Side of the Equator, and the 
other on the other Side; that is, one in North Latitude, and the other in South Latitude, 
and both in the ſame Longitude, then add both Latitudes together; the Sum, reduced 
into Miles, is their neareſt Diſtancte. 

Ex AMI Nerd Let one of the given Places be at fin the Longitude of 50 Degrees and La- 
titude 30? „and the other at i, in the ſame Longitude, but n the Latitude of 109 : 0? 
South, 5 the Arch 4 4 is their neweſt Diſtance, vi. 30? ＋ 109 = : 40 „ or 2400 Miles 

Fi iſt 
2 SS 4 three Varieties the dire& Courſe by the Compaſs from one e Place to the other is 
either directly North, 2 9525 South. 


Prob. 2. 


| Two Places differing _ in Lane given, to find their neareſt Diſtance. 

This admits of Two VARIETIES. 

VaritTyY I. If two Places lie under the Equator, then the Angle of Poſition is 2 Right- 
angle, and the Courſe by the Compaſs is due Eaſt or due Weſt ; but to find their Difference 
of Longitude, you muſt obſerve that moſt Geographers have placed their firſt Meridian over 
Pico Teneriffa, 10 me over Fara, and thence count the Longitude round the Equator Eaſtward 
to 360 Degrees, which terminates at the Meridian at which 55 8 began; and in this manner 
Fig. 1ſt. is numbered upon the Equator with 10, 20, 30, 40, 50, Cc. in the Hemiſphere 
ANBS, and fo to 360 at the Point C in the Hemiſphere B N'C S; which Point C is ſup- 
poſed to 'be the fame with the Point A: And this is called the Old Way of counting Longi- 

tude. 
OrnExs place their firſt Meridian at the Metropolis of their own Nation, and count the 
Longitude from that Meridian upon the Equator both Ways, that is, Eaſtward and Weſt- 
ward to 180 Degrees, ending at the oppofite Part of the fame Meridian, as it is s numbered 
at ae next ** TOS. > And this is call'd the New Way. 


1 E. 


1 Accarnine. to the old Way of counting 1 (ſee Fig. iſt) ſubſtract the leſſer 
Longticude from the greater, the Remainder is the Difference required, but if the Remainder 
3 than 180 Degrees, take it out of 360®, and what remains will be their neareſt Di- 
N 

EXAMPLE. Suppoſe one of the given Places to be upon the Equator at i, in the Longi- 
tude of 50 Degrees, and the other upon the Equator at 9, in the Longitude of 110 Degrees; 
then from 1109 take 50, and there will remain 60 Degrees equal to the Arch i 75 which re- 
duced is 3600 Miles. | | 

A6GAI1x, let one of the Places be that at 7, in the Longitude of 50 Degrees, and the other 
at e, in the, Longitude of 250 Degrees; then from 250 take zoꝰ, and there will remain 
2009, which, being more than 180, muſt be taken out. 0 JP and there will remain 160 
r which reduced is 9600 Miles, 


Ft Fs RES | 5 2. Ac- 


_ 


en bust dne 03% [ 

2. AcrouvinG: to the New Way- ob. counting 3 (ee Fig. 2.) a Rule | is this: : 
If both Longitudes-be Eaſt, or both Weſt, ſubtract the leſſer from the greater, and the 
_ Remainder is the Differenee of Longitude; but when one is Eaft, and the other Weſt, add 
them; and the Sum, if under 180%, is their Diſtance ; but when it is more than 180 ſub- 
tract ĩt from 360, and the Remainder wit be/ their Distance. N 

EXAMPLE. Let one of the given Places be under the Equator at FR in the Longitude of 
70 Degrees Weſt, and the other at i upon the Equator os in the Longitude Weſt; 
then from 1 0 take 70, and there will : be Wn => 3600 Miles, their neareſt Dice. 

AGAIN, Let one of the given Places be ag f (as 
Weſt, and the other at - in the Longitude. C 
but if one of the Places be at 1, i the Lo Longi e of 130“ Weſt, and the other at e, in the 
Longitude'of 700 Faſt; the Sum f theſs/is Ace; but this being more than 180, muſt be 
taken out of Loh and there will remain 160% = 9600 for the neareſt Diſtance required. 


VARIETY 2. Two Places being under one Parallel, or both'i in one Latitude, and their 
Longitudes being given, to find their Diſtance, c. 


e) in the Longitude of 70 Degrees 


ExAMPLE. Let one of the Places be at o, in the Latitude of 50% N. and Longitude of 


30 Eaſt, and the other at v, in the ſame D but in the Longitude of 70 ä Eaſt 
* Fig. 2.) and let it be required to find, 


. The Angle of Poſition N v 2 =No x. 1 Sk 


2. The greateſt North Latitude that a Ship muſt take that fails from otov. 
1 Their neareſt Diſtanee, or the Arch o b. h 1h 


Now, to find theſe Three Parts, you have in the clique acted Trizngle „N v, the Dif- 


ference of gy comp 0 N — 4c Ne N =40' n of the Lati- 
Were o 


1. Let fill a Perjiniiculr NE 2 tb td Arb of 'a gent Circle o v;  2nd:thar Wil Aivide the 
oblique Trang into two Right angled Triangles oN and N 2: : This being done, N 


have in the Right-angled T flag N z the Angle v Nx 20% o! and E 
= Ne > 9 the Age or 8 ; on N of = Bun, . py S 
5 S8. c. Ny S 40 KR — ee 19. 884254 
e —T. c. of VN x = = 209 : 0? — — _ 20438934 
. to, * Fe: NY 74 wag! 3 — 2.445320 
wn. 1 K 55 eaſterly from v to 6, or W. N.W.+ 69 : 55" weſterly from o to, 


2. To find N z, m Cole of the greateſt North Latitude, it will be 


8. c. of 2 N 20%: o! +R — — 19.972986 
— T. . ITY IS 40” + — ͤ >——— * 


Of NI AIVA IEG. AV P. 'O N. | 375 55 


2 the Sum is 1409 = 8400 Miles; 


ls equal to the Tangent of N 380: 150 
The Complement of which is 510: 45 And this is dhe greateſt North Latitude that a 
Ship bound from 0 to ought to make. 617 


£ 


1 To find the wearaſt Diſtance of the Places 0 nd; in the Arch afa a 8 Circle 9 K U. 


the Right-angled Triangle N 92 _ have N v, and the Angle U Ss as ame Then 


wk, it will be 


's 


As Radius — — 855 — 10. 1 
J g the Sine of N 409 — — — 6935057 
So is the Sine of vN x = 407: : of —— — — 9.5342 
To thè Sine of U 2 125 5 1 | 


. er 19 
bad the Diſtance cequirady I equal, to 1 524 Mie, 


Which; doing doubled, is 25 


þ ” 4 — i 
A 7 * ; 


"Netw 


—. 3.896800 


=. 
D 


14 = 


* 


36 f NAVIGATION 


Note, That the Length of the Parallel from o to z be | found thus : 


As Radius 1 — 40 

1s to the S. c. of the Latitude given, ur. Py : 1 e | — 9.80806) 
So is the Difference of Longitude n = = 2400. Mites Na — 3.380211 
10 the Length of the Arch vc 1543 Miles — — 3.188278 


een both in Latitude and d1 * ongitude, haying their Latitudes and Longi- 
tudes. given, to find 1 N l . | 


1. The Arch of their neareſt rr 
2. The Angles of Poſition. EE no EO 

Tars Problem admits of Three Varieties, vis. 
1. When one of the Places is under the Equator, and 4 th other: in the Northers, or 


Southern Hemiſpbere. 


gf * * 
3 


. When both, the Places are in the fame Hemiſphere. . 


When the Places propos'd are in different bene ; that is, one, i in | the Northem 
Hemiſphere, and the 8 in the Southern. | 


ae 1˙ Lets one of the given Places be * the 3 at 2 in the Longitude 


of 20 Degrees (ſee Fig. 2 and the other at 47 in the Latitude of Dexroes North, and in 


the Longitude of 50 ; draw theA 7 a great Circle 25 , Oyer che given Places, and 
.it will complete — Right -angied Triangle x f 


In which you have y i = 30* the Difference 95 Longitude; ed Fi i, the Latitude of the 
Place at F = 30* to find the Angles of Poſition 9 1 i, and N ho 3 


The Sine off i = o + R is 
The Tangent rof's 4 = 30 


e 


e et the Angie 2 fi=ij ef = 499: 6' —, 3 9. 73a 
Here the Angle of Poſition ? f i is 49® : 67; which per fo according to the are 5 po 
3 


42:60 weſterly; and the Complement thereof is en for the Angle or the 
e Poſition from ? to /, or N. E. b. N. +7: 9 eaſter! WF 55) or 9 
For the Diſtance 2 f 8. . 77 = „ ons —— 9.937531 
48. L 1 %§ö — 
The Sum want. Radius is the S. c. of 2.7 = Bins £148 -— 9.875002 | 


. This reduced into Miles is 248 5 the etc iſtance of the two given Places. 5 
Variety 2. Let one of the given Places be at 4, in the Latitude of 50 Degr ces N. and 


ö Longitude 1 30 Degrees, and the other at & in the Latitude of 40 Dacre North, and Lon- 


gitude 1509 2 o/ to find the Angles of een N 4 6 and N 3 4, and alſo their "neareſt Di- 


ſtance 4 5. (See Fig. 1). 


Da aA the Arch of a great Circle a 4 over the given Places, and it will complete the ob- 


: haue angled Triangle N 4, of which you have the Sides Na = 400 and N & = 50 (being 
_the- Complements of the given Latitudes) and alſo the included Angle 4 N 4 * 0 the Di 
ſerenee of Longitude, to find. 


Tax Angles Na 4 and N & 4, and this you may do by obſerving a Rule at Cafe the 4th 


—4 3 angled W Triangles, according to which ; a third Example i is uren for tuin 


5 1 _— Tm | — * 80 * ' 's =_ «4 C 8 8 N & : N . 5 
NAVIGATION. 3 
* ** 4 | * F. "ay 6+ * 1 bs - . : 
8 | . * 


N #8 1 4157 44 . 
14 Ne 40 ——— — eee 1 74 1 4 
Difference 10 half is 3 5 00 
The Angle N 4 = 40 half i — :? 20.00 


1. As 8. f. of 45% 0, 0, gf, — — : ĩð— of 180516 


Is to the 8. c. of fe — — — 90998344 
So is the T. c. o — — — — 10.438934 


To the Tangent of 7 PP : * — : half the Sum of the Angie fought + yi 2 20.587793 


z 


2. As the Sine of half the Sides. £59 + (. ,, 0.15 
oF 1 to the Sine of half their Diff. 0 1 : r 8.940296 
0:js the Tangent of half the contain'd Angle 209 : 20144. — 2 . 


— — > 


To the Tangent ß — — „ 47 — 9.529745 
L Half the Sum of the Angles required — (70 LS; i ft 


The Sum is the greater of the FAR viz. N f= — 94 
6 And their Difference is the Leſter, viz. NJ =  ——— 56: 75 

The Angle Na A being 94: 13 its Supplement is 859: * 47. = 42 6 or £44, 8. + 
7 2“ eaſterly, the Courſe from ato 9. 

And the Angie of Poſition 18 0 ty is Rs | 49's or W. b. w. + oe: : 34 weſterly, the 
Cou ſe from . to a. nne e WE f 


0 ai Ast : 7 we E ; 0.07 314 
64 1 e pen 15 4:==.40*; 0 


2 9,8080 
So is the Sie of the Angle a | © 9.808067 
To the Sine of a & = 20 35 5 4 2 „ ee 

This reduced to Minutes or Miles 1 is 2775. ß 1% Dep IT, 


VARIE Ty 3. Lit” one of the given Places be ata, in dhe. Latitude 7 407 0. North, and 
Longitude 308: o/ Eaſt, andi the other in the Furey wy of 30s: ol South, pot Longitude 80 


Degrees Eaſt at 5, then the Lier ce ol Mir W : $9 apa the Angle aN 5. 
(9 Fig. 2.) [109 


Fina r find the Angles Nab, and Na, — to the Work of the laſt variety. Thus, 
The Side —— Nb = 90⁰ + _ = INES : of 


The ad mr N — — 


* — — 4 4 
— — * 


—— .: 9 o- 
And Differenſee— = $4" = _— 00 
200 


Included Angle aN is — 50 : 0 half is = = th od, 

Now fay, As the S. c. of 207 _—_— co. ar. — — 1.059% _ 
Is to the S. c. of 35 — — 90913364 
So is the T. c. of 250 E: TT; P — — . 10-331327 

* of be. half we $umof the Angle ee, { — 11.304395 


AGAIN 


„ N Av ro AT 10 W. 


Acain, As the Sine of 2 : 007 —L.4 co. ar. — _ 0. 861656 
Is to the Sine of 35 — — — 9.758591 
So is the T. c. o 25 r Ss OORONEN _30-33132y 


9 


To the Tangent of half the Difference of the Angie ſought gro 2 — * 20.9911 
Half the Sums of the Ange required: dh — — 87 210 | 


— 4. 5 


a+ * 


Their Sum is the Angle Na = — — 
And their Difference is the NH = 26: 10 


The Supplemert:of 1380 10“ i 4 „ — 8. E. ö. S. + 80; fl eaſterly. 
The Angle N52 is 369 : 10/, or N. .. N. ain 


* 5 
9 * 
— 9 4 4 
14 7 4 | 
tf * 4 


Te o find the Diſtarice of the two Places, or the Arch # ö, ar, 
As the Sine of the Angle Nö a = 362 : 10! — . 
Is to che Sine of the Side N a = 500 nA b AA 513 f. fl 
So is the Sine of the Angle aN þ = 50 ; of — 


— 5 


To the Sine of «4, the Diane required = 840 255˙ 1 . 
This reduced to Mitesis 5035. | ” 9.99 *99753 


bs 1 - | * ; R 2 * 


| 0 eng 2111 ei comm. 
Tux Diſtance detween'the ewo-Phces a and u, Mane end; g farther et to 


know the Latitudes; and what: Courſes ſhape to keep to die Auch 40, 2 rey x 10 
P egrees W from 4 to Te a * RON Nt rh rsa * 


8 f 
7 N - ; i 


Sy) RS 9 40 555 ot; 
Havme found the NY Nob = =T [489 : 100 its . will be the Angie No Mt, 
this being found, draw N z perpendicular to the Great Ordez aH, pt z and it will 
complete the Right-angled Triangle Nu a, in which you have the Angle N W 41 50“ 
and the Hypothenuſe N r= 50⁰ -o' (the 9 of "the Latitade of tlie Pi ve 0. J by 


. 


theſe you will find. 
', ie vertical Angle Na 609 : 71 1 e meet. 
2. The Side Na —— 30 : 43'S e: 65 = 4 30 nf arte + hp 
1 Side na * 5 FC 


8 4 i or l 2411 I 5 — WL 2 el Wy 


By Help of theſe Angles, and the Sue W. 1 = 00 Wh common to 11 the Tring, you 
will find Miles 


2 ein:; tante n a ge! = 783 


The Side —— 14 = 706 cd = 16:27 = 987 
The Sie —— 0 = 00 30 peoneuenty , oy: =19: 2 — 15 3 
The Side—— #.t = 10g * T2 15 12 2 _= 
and 5 = 1235 2 E th= 820 9 Fr 0 19 
In the ſame Triangles you have the Angles as above, and alſo the common E 1 30 43 
* theſe you will find 0-03. 001; 0 


Nez=0 4s 24 S.E.b.8.4- 29 : 707 


NAd ANS Sd = 8. S. E. 5 
The Angles No Sree oe 4 of 18. S. E. 130 -Eaſtetly, 
Nen=Six=32:11 (5s E. Fl! 41 


ö FIFTY Laſtly, by the ſame Data you will 
N = 60® : 20 J Their Complements are f 18 : 10 = Lat. at 4 F 
4 — 73 * 50 3 I K | 
Sides = 90 : 8 — 90 o: 8 Lat. 1 7 © South 


f=x00: 


If the ſame Things had been required at every 5th Degree of Longitude, or leſs, the Method 
would have been the ſame. 5 | 9 9 
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Dialling. 


THE great” Uſe of this curious Branch of the Mathematicks has W many great Men 
to write 


upon it, and ſo well, that it may be thought great Preſumption to write upon 


the ſame Subject after them; for which Reaſon I could hardly perſuade myſelf to meddle 
with it ; but as it lay fo fair in my Way, and to make the Book as uſeful to the Reader as 
I could, I have ventured to touch upon ſome of the mot uſeful Parts, and collect from ſome, 
of the beft Authors what I thought would be moſt agreeable to a Leamer, both in the cal- 
culative and mechanical Parts, that ſo ſuch as do not underſtand Tee * * 
ever make a Dial upon any Direct or Declining Plane. 


To project the Sphere upon tbe Plane cf the Horizon, ſuitable co any Latitude. | 


I. TAKE 60 Degrees in your Compaſſes from the Line of Chords, and Ning one 


Foot in Z, with the other deſcribe the Circle WN ES, and thro' the Center at Z draw 


the ef Ns for the Meridian; and at Right- angles thereto, draw W E for the prime 
Vertical. 


2. Lew the Latitude of the Place be 610: 3257 then its Epmplenent is 38»: 28% ks 


this out of the Line of Half Tangents, and ſet it e Meridian from Z to p, ſo 
| ſhall P be the North Pole, and the Point where all the Hour Circles interſect each other, 


and that which paſſeth thro” ths thro. Points: W * 2 Mail be the Hour Line of 6, and to 


find its Centre. 


Vo muſt take the Tangent of the Latitude 51: 32/ nd ſet that upon the Meridian 


from Z to B, or the Secant of 51*: 32/ laid from F, will reach the ſame Point, in 


which ſet one Foot of your Compares, and extend the other to F- and then draw the 
Circle WP E. 


3. To draw the Your Circles, Firſt dey the Line L L. thro” B B, and parallel t to the prime 


1 WE out from B, both Ow at e _— * Line the Centers of 
all the Hour Circles will fall. 


4. Take the Tangent of 459 and lay that Extent Goh P to M, and FRE M draw the Line 


5. To draw the Cquinodtial W E, which is 900 from the Pole- "Lay 4 Ruler upon 


* 


MH at Right-angles with the Meridian; this being done, take the Tangent of 15 De- 
grees, and ſet that from M to 5, and the Tangent of 30, and ſet that from M to 4. 
Cc. for 455, 60%, 75, then lay a Ruler Sy Pand 5, and it will cut the Line LL in 
V, which is the Centre of the Circle 5 a 2 4 Ruler laid upon P and 4, will 
cut L L in IIII, and this is the Sead of 1 E4P 4, Sc. Now if you take the 
Diſtance between B and V, and ſet that from and the Diſtance between B and 
III, ſet from B to 8, you will have the Centins _ the Circles 7 P/ and 8 P 8, and 
and fo for the reſt. Or if you make PB the Radius of the Line of Tangents upon your 
Sector, and thence take 155: 30, &c. and ſet theſe upon the Line L Aro B, you 
will have the Points V and [III as before. 


E and P, and it will cut the Horizon at a, from a ſet. of go? to , then a Ruler laid 
upon E and p will cut the Meridian at æ, the Point thro? "which the Equinoctial muſt pals, 
then from p ſet 239 : 29” to v and w. A Ruler laid upon E, and theſe Points will 


cut the Meridian in es and y, the Points thro' which the Tropicks muſt paſs. Or, 


rather thus: From the Line of half Tangents, take the Latitude of the Place 510 9 
and that being ſet upon the Meridian from 2Z, will reach to &, the Point thro' w ich 
the Equinoctial muſt paſs as before, then for its. Centre, et the Tangent of 38“: 28, 
(the Complement of the "_ from Z to c, and upon &, Iſh. the Radius c 2, draw 
the Equinoctical W & E. ; 


2 4 = Oe - 6. e 


— 
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* 
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of Cancer and Capricorn 


< 


+ 
: . a 
* : 123 * 
— * £ N IJ mo * 
; 2 ; 
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| 2 20 And 
the Sum is 75: 1 and the Difference 28: 3“; then take 75: 17 from the 1 of 
half Tangents, and ſet that extent upon the Meridian from Z to , and the half Tan- 

gent of 28: 30 from Z to a, fo will you have the Points thro' which the two Tro- 

* { picks muſt paſs, as before; and for their Centres, you muſt take the Tangent of 58: 
| 20/, and ſet that upon the Meridian from ⁊ to e; upon which, with the Radius e ve de- 
_ ſcribe the Tropic of f. Again, take the Tangent of 27: 477, and ſet that from Z to d, 

for the Center of the Tropic of , upon-which draw it. * ö 


7. To draw the Ecliptic, Take the Tangent of 61: 57“, and ſet it from Z to f, and 

„the Secant of 61%: 57' will give its Radius, with which the Circle W gs E, repreſent- 

ing the Northern half of the Ecliptic, may be deſcribed. e. 

Tae Southern half of the Ecliptic being further from the Zenith, than the Equinocti- 

cal, then 51*: 32/4 23: 29/= 755? : 15 take the half Tangent of 75? : 1/, and ſet that 

from Z towards 8, and it will reach to yy, and the Secant of the Complement of 752 : 1/ 

= 14: 597, ſet upon the Meridian from yr, will fall upon g, which is the Centre; upon 

which, with the Radius g , draw W yp E. POT RES, Bt DTT AMT 7 Ir Ie 
"= . . Note, That you may divide W & E into Signs and Degrees, by the Help of its Pole at 


App the Latitude of the Place 51; 42” to the Sum's greateſt Dec hren 24" 


t, and the Southern Part of the Ecliptic W E by its Pole at r. =; 
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ALL great Circles of the Sphere being b ory upon a Place, howſdever ſituated, become 


ſtraight Lines; from whence it follows, that the Hour Lines in every Dial being great 
Circles of the Sphere drawn upon any regular Flat, will become ſtraight Lines. 


Tux whole Art of Dialling, doth conſiſt in finding out thoſe Lines, and their Diſtance | 


from each other, which will vary according to the Situation of the Plane on which they are 
projected. 


Tur Part of the Stile or Gnomon that ſhews the Hours muſt lie parallel to the Axis of 
the World, by which Means the End of the Stile points to one of the Poles of the World. 

Dials, (according to Clavius) are diſtinguiſhed into the following Kinds, and are ſituated 
in one or other of theſe three Poſitions in reſpect of the Horizon of the Place i in which the 
Dial is made; for all Planes are either 


\ Parallel | i 
Perpendicular, or to the Horizon of the Place. | 5 
5 — 


4 R 
s. 4 


12 PARALLEL to the Horizon are ſuch as are called Horizontal 1 Dial, and | commonly ſet 


neee. VVV e dan 


2. PERPENDICULAR. to the Horizon, are ſuch as are ld upon an eig Wall or 
Building, and theſe are of two ſorts, either direct or declining, if the Plane or Wall 


doth face directly to the true North, South, Eaſt or Weſt Points of the Horizon, the 


Dial made u ch a Plane is called an Erect Direct North, South Eaſt or Weſt Plane. 
Bur if the Wall or Plane do not directly reſpect one of theſe four cardinal Points of the 
Horizon, then it lieth open to two of them, for it muſt lie open to the South and the 
Eaſt, or the South and the Wet, and then it is | calle an Erect Jaan. r e 


ere. . 1 


* — 


Bur 75 it beth open to the North we) alt « 
clining Faſt or Weſt, * 


3. OBLiqQus (or reclining from the Zenith 3 to the Horizon) theſe alſo are of 
two ſorts, that is, Direct Reclining or Declining and Reclining, for if the Reclining 


Plane do lie open to the North, South, Eaſt or Weſt Points of the aan, : then it 


is called a Direct North, South, Eaſt or Weſt eee 5 


Bur if it lie open to the South Eaſt, or South Weſt, the North Eaſt or North weg, it. 


is then called a Reclining Plane, declining from the South towards the Eaſt or Webs, or . 


a Poglining Plane, declining from the North towards the Eaſt or Weſt. 


8 may. be called Recliners whoſe upper Faces behold the Zenith of the Place, and 
. the det aces of them may be called Incliners. | 


. :th 
EET. , 

l x » Nt 

_— * 


_ 


ee 274 


. l a 
3 
R : 1 F : 
Ei. 4 . 
* x * 
* 


1 know which Pole, 3 or South, is to be elevated © over any Dial Plane, 
in any Poſition, remember that the Stife of every Dial repreſents the Axis the World, 
and herefore its Ends muſt point Wel to the two Poles of the World. 


* 
EIS 


' GENERAL. RULES. 


= 1. Upon the horizontal Flaws, in ö North, 3 the North Pole; ; in South Lat itude, 
Eb "WU the South Pole. 


$ 
« - * . 
; o 


2. Uron erect Planes, whether airec or. Seed if the Pane lie open. to the South, 
the South Pole is elevated; but if it behold the North, the North Pole is elevated. 


b . Uron direct Eaſt and Weſt Planes reclining (how far ſoever) the North Pole is ele- 
$4 ” vated ; and upon the Eaſt and Weſt Incliners, oppoſite to them, the South Pole. 


4. Over all North Reclining Planes, whether dire or declining, the North Pole is ele- 
* and over the Inclining Planes, oppoſite to them, the South Pole is elevated. 


1 1 5 Ovex all South Reclining Planes, whether direct or 2 (if the Plane paſs been 
3 | the Zenith and Pole) the Axis of the Stile muſt have reſpect to the South Pole; and 
: on the Inclining Planes, oppoſite to them, the North Pole muſt be elevated. 


Bur if the Plane paſs between the Pole and the Horizon, the North Pole, and on the 
Incliners oppoſite to them, the South Pole muſt be elevated. 
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1 3 | To iind the Juclinacion or Kcclinarion of a Plone, 


H E Inclination of a Plane is the Angle that it makes with the Horizon. When y u have 

drawn the horizontal Line W X by the Help of a Level, or ſtraight Ruler P, and 

a r and at Right · angles thereto draw the Line N O, upon which lay a Ruler Ne, 
to the under Side of this apply a Quadrant, ſo that the Thread and Phaminet ma hang 

freely by the Side thereof; and when it reſteth, Note what Degree of the Limb the Thread 


As for that's the Quantity of the Plane” 8 Reclination, and here repreſented by the 
ch e 
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C H AP. IV. 


To find the Declination of a Plane, 


THE beft Inftrument that I know of, for the Purpoſe, is Collins's Quadrant; becauſe, by 
that you may find the Time of the Day to a Minute, and the Sun's Azimuth within 
a ſmall Matter of Truth, 1 
Taren having ſuch an Inſtrument, find thereby the horizontal Line 20 f (ſee the laſt Fi- 
gure) and to that apply one Side of the Quadrant, ſo that the Limb ne may be towards 
the Sun, and the Inſtrument itſelf held parallel to the Horizon, as near as you can, then the 
Pole of the Plane is in the Line fx; and to know how many Degrees the Sun wants of 
coming to it, or is paſt, take a Thread and Plummet, and move them near the Limb until. 


* 


the Shadow of the Thread falls upon the Centre of the Quadrant, which it will do when it 


comes to e, then the Degrees contained between e and y is what the Sun is paſt the Pole of 
the Plane (in this laſt Caſe), „ 
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.) L ET D cee the laſt Fig.) be the Wall of a Building, upon which a Dial is th 2 
be made ; then having done as above directed, and found the Arch e y to be ſuppoſe 35 _—_ 
grees, the Sun being ſo much paſt the Pole of the Plane, and his Azimuth at the ſame 

ume, ſuppeſe 18 Degrees from the South Eaſtward, then 0 
2. TAKE 60 Degtees in your Compaſſes, from a Line of Chords, and with that Extent vo 
deſcribe the Circle W N E 8, and quarter it with the Meridian N $ and prime Vertical WE, 
then from 8 ſet off the Sun's Azimuth 18 from S to © (towards the Eaſt) ; and becauſe 
the Sun is paſt the Pole of the Plane 35*, fet 35* from. © towards the Eaſt to p, ſo is Pra 8 
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in your Compaſſes, and 


o much the Wall declines from the 


5 he Nakining © af: the Lide of Chords to 53* : o',.and 
| South Eaftward ; or add.S' © = 28” to © 5 = 35®, and the Sum is 53* : 0' as before. 


Surrosk, that by the former Method, I found the Sun to want of the Pole of the Plane 
5 629, and his Azimuth to be 70% from the South Eaſtward. 14 


I. DescrIBt the Circle WN E. 5 and quarter it as before, then t. the Sun's - Azimuth 

" 70, and ſet it from S to © Eaſtward, becauſe tis Eaſtwar ria 

Bo, 2. BECAvsE the Sun wanted ane of the Pole of the Plane, I ſet 62 from © to p, ſo is 5 
5 the Pole of the Plane; then take Sp in your Compaſſes to the Line of Chords, and that 
will give 8 Degrees for the Plane's vclination Eaſtward, or from 70* take 62, an and the Re- 
mainder will be 8 Degrees as before F 7 
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PW Apurr the Sun's Azimuth to be 70 from the South Eaſtward, as before, and that he is 
ns | 4 the Pole of a Plane 46 Degrees, what's the Declination of this Plane? 8 
5 5 TR E Horizon being drawn, Sc. as above, take the Sun's Azimuth 50, and lay that Ex- 
tent rom 8 to O, then. take 40“ in your Compaſſes; and becauſe the Sun is pa the Fole 
e Plane ſo much, ſet that back top, ſo is p the Pole of the Plane; this being done, 
Your, Comp es, and lay that Extent from the ning of the Line of Chords, 


2 92 805 is the Plane's Declination from the 9 Eaftward, or to 8 O= 


the Sum is 1260 3 ſk Sup et er 64* Ny. * > K 
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EXAMPLE . 


Avurr the Sun's Azimuth to be 709 from the South weſtward, arid' uk Re wanted 46 of 
coming to the Pole of the Plane, the Declination of the Plane is required. 
8x 70® from S. towards the Weſt to ©; and becauſe the Sun wanted 462 of comin to the | 
Pole of the Plane, ſet 469 from © top, then p is the Pole of the Plane, and Np its Declination 
from the North weſtward, — 17 22 13 to chow Fx (00 the laſt 8 


CHAP . 


To mak an Hiviagmtal Dial. 


TIA L S by ſome are denominated from that Part of the Sphere where their Poles lie, and 
; others-choſe tõ denominate them 79h 6 the Circles of the Sphere, to dich the Plane is pa- 
rallel, ſo that it is moſt commonly called an horizontal Dial, becauſe parallel to the Horizon. 
TERRA! is but one Arch required to make an horizontal Dial, and that is the Latitude of the 

Place where it is to be ſet up, and in the fundamental Diagram is 2 dy NP, which, 
if the Dial is to be made for London is 51 32“. | 
Tux primitive Circle WN ES repreſents the ePlane, NP 8, the Meridian y the, zenith p, the 
Pole of the World the Circles 1 P 1, 2 Pa, Sc. are Hour-Circles, from 1e Meridian 
their Diſtance upon the Horiſon being N 1, N, n 

Now to find theſe Arches, ub vis, N PI, NP 2, NP z NPA, NPs, 
NPs, all right angled at N, ng one Side N P common to all, the þ 5 at the Pole en- 
creaſing from the Meridian by. 1 f Degrees, if you calculate -_ "for whole. "Ode: 1 fo half 
We by 79. 1 5 but 1 For e. ene 3* 245+ 
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24 & mei 16. | $51 har ao 3. E S Be M P; L E x. Yor rp vr oxen | 
8 it was required to find the Arch N 1, or N 11, then in the Triangle NP; I, you 

have NF 51! 1.38 000 Angle at aN n 7 Foe ye agg YO of the 

tollowing Table.) ivr { 18 4 

| Rrr | 1 | | day, 


4 


; . Is to the Sine of the Latitude 519: | ä 9-893745 
So is the Tangent of the Angle at 1 Pole I 50 . — 9.428052 


To the Tangent N 118 1 962 2 — 


E X AMP 5 1 
Lr it be required t to find the Arch N 2, the Angle at the Pole being now NP2 = 300 


— 9.321797 


Is to the Sine of the Latitude 51 : 32˙ — — — 9. 893745 
So is the Tangent of 30% — — — — 9.76 1439 


To the Tangent of me Ns "fs 3,1 oo IT; en—_— 96588184 


1 in this manner you may find the reſt of the Hour Arches, and fer them i in the third 
Columm of the Table n he Hours to which * belong. 
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f 4 Digy th hs Th VI vl * me 2 of Six: * dun * Mitte thereof A, 1 
2 a ovens þ at Right-angles thereto, and this ſhall be the Hour- line of 13. 
Taxx Goo from the Line of Chords, and with one Foot of t . men $i 28 
a { " a Cemet, , with the other draw the Semicircie 1 eee =p 
BY 3. Ning Koh the ſame Line of Chords the ſeveral Arches G you have in ar ied 
I Column of the Table, and ſet them on both Sides of thie Hour Cf 12, and thro* thoſe 
= Points i in the Semicircle draw the Hour-lines out as far as the Plane will admit. 
4 8 4 5 5 Tuus take 110: 51“ in your Compaſſes from the Lite of Chords, and ſet that from 0 to 
1 SU vo 14 - We. 1611 T 5115 iz fell: ,7 CCF 51¹ 03 bie ie, 


eie, ute 24: ji 4nd tet that of From oro 2 md 1, und- de me is fog and 
= 4 and 8, C. then from the Centre A, and thro” the Points thus found, draw*the my 
1 TAE | ines 
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Ines 1 and XI, II and X. Gr. but when you draw the Hour Lines for 8 and 7 in the : 


the Figure, and ſet the Figures to then. 

| „then for the Cock, Gnomon, or Stile, take the La- 

titude of the Place 31: 32 in your' mþa e and ſet that upon the Arch 9 o r from 

o to m, then from A thro” n draw the prick'd Line A n, this ſhall repreſent the Axis of 

the World; and to be ſupported by ſomething like what you ſee in the Fig. c. y 5 will 

be the Stile to be ſet upon the Meridian A XII at Right-angles to the Plane, and ſo 
J HCO a ms. © 
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Ir you would draw the 
Degrees into ſuch Parts of an 
ſuch a Table as follows ; in the ſecond, Colymn gf. which, 


to every 


ours and Parts, as for 
u W. we for Hours and Quarters, make 


= . — 


er of an Hour; and in the third Column, 
given; and theſe are found by the former 


. N : „ 


you have the Arches for the Times 


Morning, or 4 and 5 in the Afternoon, continue them thro' the Centre, as you ſee in 


arters or leſs, then divide 15 
you have the Angles at the Pole 
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To 1. an Harzontal , The Line of Exe and ona (Dee the 


2 Diagram ar 


RAW the Line Nr $6 155 Hour of 6, and at Ri prong bene. . C B for the 
'D Meridian;..of Hor of 12... . * N A * 85 \ 

2. Fro the Line. 0. Tatltudes, take the Latitude of che Pike 3 een bre: * 
ſet that upon, the Hour Line of 6, frombtoNandsS. _ 


. Tama r the whole Hour-Scale in. your Compaſſes atid fer one 'F in * or 8, turn 
e GWE ALE un t-cut the. din in G. A ne rag 


BH "ak 5 4. Ext END your Compaſſts Fom The. . Re Bogit nun: "of e Ho 
1 thereof, and ſet chat from N to 3, and- From — <a 4 
\ 2 — 23 3 i ** | : 
5, HAN found theſe Points J and., take from che 288 u ee Wen 3 
and 2, and ſet that o from 3 to 2, and 4, an trom 9 to 8 and 10, u | 
the Line 8 6. A 50 Diſtance from 3 fo x. u e Hour-Scale, and, f et "tht 
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. Lircle, or a 

rg! the Eaſt and 

ine WE. 

Heth open to it; 

He uſt int down- 
Direc 


n Tuber 2 ö 5 
1 „„ Circle had 2s pox 

L bs Weſt Points theteof, 
E 5 Every Plane hath g 


ee m 
a prin rn ? 
I. Wi is repreſt 5 a by 
505 raiſe: | 9 

therefore the South Plante hath ref 


wards ; but the other Sidezof this 7 2 called a North 
Plane, and the 5 muſt pont rds. 8 — 6 
Tux manner of finding the Diffamaes_of th. 'P — for the South W is thus: f 
= Fi dhe Menne tind the ſeveral Angles at the „ Dyrallowing 15 Degrees for one Hour from 
= | eridian, 30 for 2 Hours, 45 for 3 Hours, &:. as in the ſecond Column of the Table 
= | 1 an Horizontal Dial, or the third in the following. 
_ Havixs done this, view the following Pro jection ; and know, that as the Side N re- 
A | preſented the Latitude of the Place 519 : 32' in making the Horizontal Dial, and was a Side 


6 common to all the Triangles NP 1, NP2, Cc. ſo PZ, repreſents the Complement 'of the 
1 Latitude 389: 285 and is a Side common to all the Triangles ZP1i, Z PZ, &c. ac” 


e DIAVLIN 6. 


find the ſeveral Hour Arches of the Plane Z r, Z 2, Z 3, &c. in order to fill up the 4th Co- 
lumn fay,—As Radius oo INTE 5 | 
Is to the Sine of the Complement of the Latitude, - 
So are the Tangents of the Numbers in the 3d Column 
To the Tangents of the Hour Arches in the 4th Column. 


| LzrT it be required to find the Arch Z r, in the Triangle ZP'r, Right-angled at Z. 
Here you have the Side PZ = 38? : 28 and Angle at the Pole ZP xr = 159. 


Then as Radius is to the Sine of 38* : 287  ——— 5 OR 9.793832 OT 
OCT ĩðͤ d — 3. ³³⁰⁵¹ 
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To the Tangent of 90: 28 — — — 09846 2 
, Set this in the yth Column againſt 15, or the Hours of r. and 1. _ 


PP 
To find the Arch Z 2 in the Triangle ZP 2. 2 
Here you have the common Side F Z = 38: 29, and Angle Z P 2 = 309, then ſay, 
As Radius is to the Sine of 38“: 217 — — — 97793832 
So is the Tangent of 30 | — — — 9.761439. 
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I 0o the Tangent of 19˙:443.·kw(-·auaaꝑ ͤꝓſ— — 9.655271 
Set this in the 4th Column againſt 30%, or the Hours of 2 and 10, and ſo go on until 
you have filled up tha 4th Column fer whole, Hours: If you would have it for half Hours 
and Quarters, make ſuch a Column as the 2d in the ſecond Table, for an Horizontal Dial, 
and. then. uſe the two firſt Terms in the Analogy, as ahove, and the Third muſt be the ſeve- 
ral Angles at the Pole, from the third Column. „„ SEO re 
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D W the Line 6 A 6 for the Hourof b. and Fam the Midde thereof at A drew AB 

at N to ĩt. 8 4 ES 35 2707 dil) 5 of Ribas, 

2. Ta KE 60 Degrees in your r Compaſſes from a Line of Chords, and ſetting o one » Foot 1. 
A Center, with the other draw the Semicircle to: 26 


| 3. Tax 95 an from the Line of Chords, and ſe that from O to'3 ad 1; 11. d . 


Tat 100 : 45 in aur Compaſſes, and {et it from O to 2 nd 10, and in like manner . 
31! 53 from G to zz and 9, &. e oa, 7 2-2 251 


. From A, and thro' theſe Points in the Semicirele, Ai the Hour-lines ATI, A II, AIII, &. 
and AXI, AX, AIX, FFFFq))„;§˙ re > - 

« WIEN all the Hour-lines : are figured, then take 38: 28 28 (the Coniplement of the Latitude) 
in your Compaſſes, and ſet that from o to p, and A thro? p draw the Line AD, and this 
ſhall repreſent 5 oye of the World, and if itwas.continued'thro' a Hole in the Plane up, 
| — 1475 then 9 d repreſent * Stile of a N you Dial, ſuppoſing {on the other Side of the 


TL” 


. gu” 


7 1 2 as * : #, * p . l - *« 
Wha, . 


N. B. Tawat xi was the Tal oe, it will ferve as well for the North Dial as the South ; 
for 9 continue the Hour-lines for III and V, thro' the Center up to 8 and 7, and thoſe 
for VII and VIII to 4 and 5g, then you will have 'the Hour-Iines for a North Dial, ſuch as 
are marked with — arithmetical Figures 8, 75 6, 55 Tar the” ern Hours, and with 
+ 6, 174 8, for Hour in the Morning. 
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To Iraw T Hour-in upon an a direct Norn or SouTH Dran, by, the The f Latitude, and 
1 8 0 Hour Scale. | 

1 1. MAK E 380 : 28), (the Complement of the Latitude of the Place) i in your Corfipalics From 
_ = N F- the Line of Latitudes, and ay that upon the Hour-line of 6, from A to N and 8. 


2. Tart the whole Hour-ſcale in your Compaſſes, and ſetting one Foot in N or S, turn 1 
> Other about until it falls POR the Pang? 12 in the Point 25 they draw N Z and 8 2. 


he Fine 2 8, and to 9 upon ZN, thro” 1 Pojim 


aw the Hour-lines A III _ ms the * are drawn as C3020: for making the n. 
dees F 
5885546 8600 — 3 
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is ' Tadraw the Hour-lines upon a 2 dire Eaft ar We 2 Plane, i in the Latitude f . : 327 


LE ET W X Y Zbe: a Dial Plane” upon which 18 would draw. an erect direct Eaſt Dial. 
I. 


"gy the Point 2, with 60 Degrees i in your C qmpaſics,” 8 Line of Chonda ler A 
Arch CE, then from the ſame Line of Bordb 5 389 28 the Complement of ati- 

ade of the Place) and Tet that from C to E, and from 2 ro: E, draw ZH quite thro the 
Plane, and this you may call the Equinoctial. 9 


TY Fo proportion the Stile to the Plane, that you m ay . on al the Hours from Sun ling | 

© 11 0 Clock, make Choice of any two convenient Points in the Eqinoctial, one towards Z, 
| B. for the Hour-line of 11, and the other at B, for the Hour-line of 6, then thro” che 1 
pi ln h, ** Line 11 B 11, and ? h 6, both * ä to the 7” 
H. * \ — „ | 
| AKE > 60 Heath in your Compaſſes ifaw He Line of Chords, 64 eng one Foot in B, 
vith the other draw the Arch /, upon which from e, ſet 15 Degrees to f, then draw the 
E continued to cut the Hourline of 6 in g, fo ſhall þ g be the Height tof the Stile pro- 


N 
3 


rtioned to this Plane: Now if you put a Lats ght Pin in þ, of the ſame Height above the 
ne with h), or a Plate of Braſs, Tels Bre 

urs of 6 and , in the Eaſt Dial, or 6 and 
the Plane, that ſhall be the true Sti 


dth ſhall be the ſame as the Space between the 
$i in the Wet Dial, and place _—_ e 


chlar t 


. 


Tako Degrees in your Compaſſes, and get one Foot in g, then with the other dra the 

A 1 qi upon which ſet 15%; 300; 45%: 10 600. Em 
| _ T7 Ruler upon FA and each of the Points in the Arch, and it pill cut * E inoftial 
| Jine 2 H.in. .3*X* B,.then-thro* theſe Points allel to the Hour-line 


F 6, as 7, 8, 9, 10% in the Eaſt Dial, or 45.3 2, I, ipthe Weſt Dial for the Hour-lines ; 

fox. th Hour- lines of 4 and in'the Morning for an Eaft Dial, or 7 arid 8.in the Weſt, they 
1 Tad raw at the ſame Diſtance from the Hour of 6; towards II, as the two next Hour- 
__- nes from 6 towards B is from the Hour. line of 6. 


WHrar is here ſaid about making the Eaſt Dial, will ſerve for drawing the Hour-lines upon 
Rf _ e. obſerve to ſet proper Fi 41. to each, as in the Examples, the Directions 
either. * | 
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Taiz firſt and fourth Colymnsof t hi Tale 1 the Hours, c. of an Eat NS Weſt Planes 


in res gag 08 you have the 5 at the Pole, and in the third, the natural Tangents of thoſe 
Saen 8 


. OW to fin Gag 22 oints 3 the Hour- lines will croſs. the Equinoctial, take the 

A bg 1 otnpath es, "and open the Sector fo wide, as that this Extent may be 
male e Parallel D Ns etween 10 and 10 upon the Line of Lines, and thence take out the 
ſeveral Inches and Parts, er them in the third Column, and fet them upon the Equi- 


noctial from h, and you will have the Points required, thro' which you may draw the Hour- 
lines as before. Megs 
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8 UCH Planes as are erect, and face directly to the North, South-Eaſt or Weſt, have their 
© Poles towards one of thofe Quarters, and called by the Name of ſuch cardinal Points to 
- which they are open, the Manner of drawing the Hour-lines upon any of thoſe has been ſuf- 
ficiently treated upon already; but if an erect Plane facing towards the North or South hap- 
pens to decline from thoſe Points towards the.Eaſt or Weſt (as moſt Walls upon which Dials 
are made do) and ſo have not their Poles in any of thoſe Points ; then the Way to draw the 
Hour-lines upon thoſe is as follows. n. ET rr ore Mg pr a. 


s 8 # . 0 * 2 t * ; FR 
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Lr it be required to make a Dial in the Latitude of 31: 32“ North, declining from 
the South towards the Weſt 3o Degrees. ; 1235 . 
Ix order to find the Requiſites for this Plane, 


% 


* 


0 
. 
* 
175 
£ 


— 


. 1. Tax x 60 Degrees, in your Compaſſes from a Line of Chords, and upon, the Center 
2 deſcribe the Primitive Circle W N E S, and quarter it by the Meridian NS and prime 
Vertical WE. | a OSS "0 


22. TAkE 30 Degrees, and ſet that from 8 towards W (becauſe the Declination of the 
Plane is from the South Weſtward) to p, and the ſame from N to d; fo p and 4 are the 
two Poles of the Plane; then for the Plane itſelf, ſet the ſame Extent from W to ww, and from 

E to , then draw d 2 p and w 2 x, and alſo: the great Circle p d thro' the two Poles: of 

the Fans and Pole of the World at p; this is to repreſent the Meridian of the Plane; 

and becauſe it falls het ween the Hour-Circles of 2 and 3 in the Afternoon : This ſhews that 
the Subſtile of the Dial muſt be placed between thoſe Hours. | 


3 In the Triangle p z, Right-angled at y, you have given the Complement of the Lati- 
8 epz= 389: 28, and Complement of the Plane's Declination p = 6o Degrees. Io 


1. Tus Diſtance of the Subſtile from the Meridian — FM» 
2. The Stiles Heighth — — — —  - 
3. The Difference of Longitude, or Inclination of Meridians — x J 


Iuxsx are called the Three Requiſites in all Dials of this Sort, and are found by the Pro- 
portions following. F 25 


For 


„% DAA ae 


1 oR the Diſtance of the Subſtile from the peg on lays 


gs to 55 ho of > Declination "0 p — — — 9 n 
So is the Tangent Comp. of the Latitude 51: 32 — — 9.9000 6 


So the Tangent of the Subſtile's Diſtance rom Bis Menid. 219: 40'=y Z = 9.599056 


For the Stiles Height, ſay, Sls 
As Radius — — — 10 
Arto ne fie 97 whats — 9.793832 
=; INN is the /. c. T- 9 


N , Mg 45 +4, 7 


1 


1 / — — f A j $4 4 W 
Jad ü — — — 
To the Sine of the tile 8 Heighth 32 2 66 25 — 


'For the Inclination of " Meridians, 5 8 


— 9.731363 


As the Sine of the Latitude 51 — — — 9.893745 
Is to Radius — — ——— — 106. 
aft 80 is the T angent of the Declination 3⁰⁰ „„ "7. - WS 


Lew 


0 the Tangent of the Indlination $642 24"; =2 J 867694 


ran reduced into Time, is 2 Hours, 25 36", and ſhews that the Subſtile will fal at 


2 5 and 36 Seconds after 2 in the Afternoon, a agreeing with the Projection. 


Now by the Projection, you may ſee, that when the Sun is in the Tropic of W, the 
Shadow of the Gnomon will appear at about a Quarter after 8 in the Morning, or as ſoon 


2 the Sun riſeth ; and that when he is in the Tropic of , he will leave the South Side 
of the Plane at about 21': 4” after Seven in the Afternoon; hence it appears what Hours 
will 'be-proper to put upon this Plane, which you muſt place in the firſt Column oſ the fol- 
lowing Table; and in the ſecond Column, againſt 12, place the Inclination of Meridians 


gainſt 


362 24 This being done, add 1 * to 36: 240, and the Sum is 519: 24“ to be ſet a 


11 Oo Clock. To this Sum, add 155, and the Sum is 669 : 24 to be ſet againſt 10 o' C 


-plement is 83? : 38 to be ſet againſt the Hours of 9 and 8. 


AGAIN, from 369: 24', ſubſtrat 155 there will remain 21˙: 24/ to be ſet . I 
o'Clock ; and from 21*® : 24' ſubſtract 15%, and there will remain 62: 24“ to be ſet againſt 2 
.oiTictk : Now take the Difference between 15 and 6 24, and that is 82: 36“ to be ſet 
againſt 3; and if you add 15 and 8: 36“ together, the Sum will be 23“: 36. To this 


add 1 ' continually, u until yaw! ye al _ ANT at the Fol, unto 34 90 ock ; N here 1 


haue . e 1 


H AVING - thing fl. Fo up the ſeconũ Column for the Artes at the Pole, you may chen fil * 


the third Column, by the Analogy following, vx. 


ock ; 
and ſo by adding 1555 you will find the Sums to be 81“: 24 and oy” = : = & ; Wc Sup- 


As Radius is to the Sine of the Stile's Heighth 32* : 36/ —— 9.7 31404 
80 is the Tangent of = — —B — . 
To the Tangent of 782 : <p — TA 10.681535 


nd-the like for all 2 i i 


The 
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11151 2434 OI 
1236 2421 40 
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To draw the Bour⸗ lines. 


1 E 1 AB c D repreſent the Plae, and AB and CD Lines drawn parallel to the Hori- 
=" Won" = 3% 
f \ : X 
1. MAKE choice of ſome Point in the Line A B. 45 at E for a Center, and let it be nearer to 
that Coaſt to which the Plane declines from the South than the other. 0 


2. UroN E, with 60 i in your Compaſſes, . a Line of Chords draw the Semicir- 
cle 9 x d, then take go Degrees, and lay that uon the Semicircle N or d to g, and 
thro' 2 draw Eg 12 for the Hour. line of 12. } 35 


Taxx the Diſtance of the Subſtile from the Meridian 21? : 400 and lay that em g to x, 
of npon the Eaſt Side of the Meridian, becauſe the Declination is Weſt) then draw the Line 
Ex N for the Subſtile. This being done, ſet off the ſeveral Hour Diſtances from x, as you 
find them in the third Column of the Table, * draw the Hour- lines from E thro? thoſe 
Points. 


. TAKE the Stile* 8 Heighth 32 367, i in N Compaſſes, from the Line of Chords, and 
" ſet that from x to 7, and draw En for the Stile, which muſt ſtand upon the Subſtile ExN 
and at Right angles — the Plane. | 


GOODE CITE ITE TITAATICIIEN TTY 
| 8 ieee DES eee es 


2 DS a „ͤ« 


V0 . — — —— ͤ—— 22 228 — 


r XI. 


N order to draw the rte upon erect North or South Decliners inſtrumentally, 
there are upon, ſome Scales, Lines by which the three . VIZ. 
£ The n of the Subſtile Wa the 2 


2. The Stiles Heighth ; ang | 

3- The Niffer ke of Lengitude, nelin⸗ ation of Meridiane may be readily found, and 
ſufficiently near the Truth, if the Lines af of any confiderable Length; but ſuch Lines be- 
ing made for a particular Latitude, en der the End for any other. To ſupply this, 
we have inſerted the following Rule, to draw a Diagram geometrically for any Latitude and 
Declinatiqn, hy which theſe. Requiſites may be found by a. Line of Chords of a ſufficient 
Length, as near the Truth as is requiſite ; for the Hoyr- ines are generally drawn ſo bold 


upon theſe ſort of Dials, that they Will cover any ſmall Error that may happen, either from 


a Scale, or the Diagram. The Rule is as follows;” and app fron to the before-going Example 
of an Erect Plane, in > the Latitude of 5185 32's 2 m the South Weſtward 30 ow 
grees. | 


aN ; y 
N ” 1 & {2 715 E. 


» * | 


1. Draw an Pois 0 R = any Length, in i-which make Choice of any convenient 


Point, as C for a Center; upon which, with 60 Degrees, in your Compaſſes, from a Line 
of Chords; deſcribe the Semicircle A D B, and from the ſame Line of Chords take 90 
Degrees, and ſet that * from A or B to D, and draw CD for the te or Hour- 


line of 12. 
2. TAKE 


— 
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2. TAKE the Co ent of the Latitude 38: 287, and fet that rom D to E, and from 
E draw E F pataſſei to A B, then take the Declination of the Plane zo Degrees, and lay 
that from D to G, and draw the Line W. e WV 


3- TAkR EF in your Compaſſes, and ſet 2 of from C t H, and from H draw H I 
parallel to AB. This being done, take H I and lay that from F to L, and thro' L draw 
the Line C L M, then take DM in your Compaſſes to the Line of Chords, and it will 
give you about 21* : 40, which is the Diſtance of the Subſtile from the Meridian. 


4. Taxe CI in your Compaſſes, and ſetting one Foot in L, turn the other about, until it 
cuts the Arch BD in N, then take MN in your Compaſſes to the Line of Chords, and 
that Extent will reach to 32® : 360, which is the Stile's Height. { | 


5. FRom M draw M O parallel to EF, then take the Diſtance from O to G, and lay that 
upon the Meridian from O to P, or from O to W, and take M Por MW in your Com- 
paſſes to the Line of Chords, and you will find it fall at about 360: 24 for the Inelina- 
tion of Meridians. This reduced is ab 25“: 36 e TI = 


| 
1 A4 4 Table 
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* Table 4 tor qu —_- — 


L.:\ 
3 e- | Subſt. | Stile's |Inclin. |] De-| Subſt. "Stiles Inclin. De- Subſt. 4 Stile's | Inclin.j 
: <lin.] Diſt. Height. Merid. clin.] Diſt. [Height Merid. clin. Diſt. Height nend 
| I 4: Soda (PUPPY a 242 | el e Ls 
M1103 jc 7 1 / $1105 17, | @ 27 1165 es * , 11o | 
10 450 r 1 122 5 5 16 5866 
2 | 1 3036 580 2 4930 4153 | 16 24 
32 1636 56/3 155 7 5315 
43 136 54 4 56040 11 601 5 
5 3 45836 500 6 | 32]41 1 2014 
64 31136 45] 7 = 33114 
715 15136 4118 45113 
85 59836 35/9 56113 
9 6 43136 28[11 8012 
110% 29170 21112 18011 
1118 1136 12113 26111 
12 | 8 54036 3/14 10 
139 37865 54/6 4710 
| 14 10 20135 44/17 G 
| 15 ſix 235 3318 8 
11611 44135 2119 8 
| 0 25135 8020 7 
18 13 6134 55/22 7 
19 [13 4734 41123 
20 [14 2734 27/24 6 
2115 7634 11/25 5 
22 [15 4033 $5126 4 
| 23 16 24133 3828 4 
2417 3833 21/29 3 
| 25 7 4033 3830 3 
26 [18 17132 4531 | 2 
27 18 53032 25132 1 
28 19 29032 633 I 
29 20 4j3I 40134 0 
30 20 3831 25135 O 
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CHAP XII. 


O draw the Hour-lines upon an erect North or South Plane, declining towards the Eaſt 
* or Weſt, by the Line of Latitudes and Hour Scale. 7 


FA 
\ i 


- 
= ; 
5 | a” * off 7 4 * : 8 
1 } ARES Fg * F 4 
* ; 5 . 
- . * 
i | | . 7 4 \ . 
[? F : ; „ 4 ; : 4 N - 
{ ; f . Þ 24 - Pe * — 5 | \ * : ; * 
g ; * - £4 \ my \ ; | i by, 
{ ; £ P N 2 1 Af * $ 


| £7 + 3 pu 1 ; . = A : | a 7 : | | 
Ler AB CD be a Plane in the Latitude of 51: 32, declining from the South Weſt- 
ward 30 Degrees, as at Chap. 10. 2 - — 


1. Havinc- found the Requiſites, either by Calculation, as at the laſt Chapter, or by the 
Diagram, then draw Eg 12 at Right - angles to A B ; and upon E, with 60 Degrees in your 
Compaſſes, draw the Arch gd, upon which ſet off the Diſtance of the Subſtile from the 

Meridian 21: 4o/ from g to x, and from E thro? x draw the Line Ex N for the Subſtile. 


2. DRA the Line & H thro? E, and at Right-angles with the Subſtile, then take the Stile's 
Height 32“: 36 from the Line of Latitude, and lay that from E both Ways to G and H. 


3. TAE the whole Scale of Hours in your Compaſſes, and ſetting one Foot in G or H, 
turn the other about until it euts the Subſtile at K, from which Point draw K G and K H; 
this laſt cuts the Meridian at 7. Now if you take K in your Compaſſes to the Hour-. 
Scale, that Extent-will -reach from the Beginning to about 2 h. 25'4, which ſhews the 
Work to be true ſo far; becauſe this agrees ſo well with the Inc lination of Meridians 2 h. 
25: 36" ; then lay the fame Extent from G to o, and thro' o draw Eo 6 for the Hour- line 
rr: | | e 


4. ENCREASE 2 h: 25 1 by 1. Hou, then it will be 3 h: 250 4, which ſet from K to n, and 

from & tog: To this add 1 Hour, and the Sum is 4h: 25 f; ſet this from K to p, and 

from & to t. Again, add one Hour to the laſt, and that will make it 5 h. 25 5, which 
ſet from K to 4, and from G to ⁊. | 


5. DiminisH 2 h. 25'+ by x Hour, and then it will be 1 h. 25 5, which ſet from K to 20, 
and from G to e, then take 1 Hour from this laſt, and there remains 25 2, ſet this fron 
K to v, and from G to c. „ TD 1 5 
6. From E, and thro' theſe Points, draw the Hour- lines. Laſtly, take 322 : 36“ fromthe 

To of Chords, and ſet that from to d, and thro' d draw E dr for the Stile, and/t is 


Y — 


Of DIALLIN G. 


2 | - 


$4444 ++++++++++++++ +5 


CHAP. XIII. 


To draw the Hour line upon a Plane that declines many Degrees from the | Nerths or South towards either 
the Eoftor Weſtl or that falls near the Meridian, 


L. 1. a Plane declines many Degrees from the North or South, towards the Faſt or Weſt, and 

tiat above 60 Degrees, altho* the Requiſites may be found, and the Dial made in all Re- 
ſpect as the former Dial was, yet by reaſon of the great Declination of ſuch Dials, the Gnomon 
will le ſo low, and the Hour-lines lie ſo very cloſe together, that they will be but of little Uſe 
withoit ſome other Help, which may be as follows, 


EXAMPLE E. 


Sv pros a Plane in the Latitude of 520 20 declines from the South towards the Eaſt 
819: oo, his may be repreſented in the following Projection by M Z Q, the two Poles _ 
| of 


of are he and X, and its Meridian by R P X paſſing between the Hours of 6 and 
with the : 2666 and Meridian of the Place NS, the little Trian 
which you have the Complement of the Plane's Declination 


: . £ 
7 - 
* 1 
2 


| 75 and making. 
le Z P O Right-angled at O, in 


; | 2 Ogo: o, and the Com- 
plement of the Latitude of the Place P Z= 37e: 40 by thoſe you will 9 and the Com 


1. Tax Diſtance of the Sub 


2. TE Stile's Height 


3. Tux Inclination of Meridian ˖ßł]és᷑ĩ 


Repucs this 829 : 5 


|  : 517 into Time, and it is *: 317: 24 from the fouth Par a 
ridian, or 6: 28 125 from the north Pat, ALF 3 4 e fouth Part of the Me 


paſt 6 in the, Mo 


= 


* 


tile from the Meridian — — 0 237 : 4 


— 20 82: 


ſhews that the Subſtile will fall at 287: 26” 


* 


1 
— 89 


— — 
— — 
— 


* 


Tun three Requifttes being found, you may fl up the firſt ſecond and third Columns of the 
. N Table for the Hours, the Angles at — 


* 
7 


nn ö 
L 7 | 

* * = 

T2] | 

- 

3 
| 
! 


1 *. 


* 


e Pole, and Hour-diſtances, as directed at 
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I Hours Ang. atthe Pöſe Hour Di ſt. — 1 As | from X. 
| 2 22 . 1 3 14427 . „ 54 | 1 = SLE 
D+;: = O'S ee 1 ning 
| . rer rener lee 
4 37 oY 4 . „ 3 4 31.43 | 37-58- 
| . | * 11 W N Iced 6.7 FE ee 275 — 
c. 1.0 27. $----9-. | 0 Tr „ S6 Be 
— 9. Sub. A Stile 5] Sub. Sti“ 
9 7 : 55 dry - "I ; 2 =. : 5-67 ; 6 ir 0477 4 | 
| 8 | 22 2 51 0 2 4 19 3 4] IG: FEW 17.54 4 20.93 5 » 
IO 52 F „„ 1 „ >] 
II 7:0 m n Ob ino. 119.4 
12 82-7: <7 18-*:.. 12 | , 


Now, if you draw the Hour-lines by.-the Numbers in the third Column, as for any other 
erect declining Dial, you will Find that they will be too cloſe together, and therefore we muſt 
proceed in another Way, and draw them by help of the Numbers that are in the fifth and ſixth 


Columns, and the Manngt of finding them will be ſeen by the following | 
| „ 7 — E 8 M 4 Fd 5 e &\ 
Ler ABCD be/the Plane upon which the Dial is to be made. 28.4 


1 | 
J . $33", | "SS * 8 * 
1. DRAW AB . to the Horizon, and from any convenient Point therein draw the Line 
eg at Right- angles to it, and this we 


to 1 na) call the juppos'd Meridian of the Fane, as. being 
parallel to the tne Meridian. EN hd 1 $99. DOT, 
eto weeds f d ²˙ A ²³˙ WIN: \ © oy _\'E R | 

2. TAKE 60 Degrees in your Corypaſes from a Line of Chords; ind ſetting one Foot in e, 
with the other deſcribe the obſcure Arch , upon which ſet the Diſtance of theiSubſtile from 


the Meridian 35: 19' from/N to Z, and from : thro Z draw the Line eZ C for the Sub- 


3. Maxx Choice of ſome convenient Point in the Line BD, as at K, fro 


7 
/ f % / 


m whence you in- 
tend to draw the Hour-line of x1, and thro” that draw RN ſo as to make Right-angles with 
the Subſtile at K. | CEE FF „ 

4. Now becauſe this Heur- line makeg an Angle with the Subſtile of 139 07%, as you may ſee 

In the third Column, take 66? in your Compaſkes, and ſetting one Foot in K, with the other 
draw the Arch /w, and from 1, ſet off 779 : b (the Complement of 130) to w, then lay a 
Ruler upon K and 1b, and draw the Hour-line K 11, now if this Line and the Subſtile were 
produced upwards, they would meet at the true Meridian of the Plane (if the Plane was large 

enough) and this imaginary Point of Interſection you may call O, at which all the Angles at 
the Plane that you have in the third Column are made, or rather ſuppos'd to be made. 


5. MeasvurE X K by a Diagonal Scale, or take it in your Compaſſes, and open your Sector 
o as that Extent may be made the parallel Diſtance between 10 and 10 upon the Line of 
Lines, which now you may call 100 Inches, then in the imaginary Triangle K X O, Right - 

angled at X, you have the Side X K = 100 Inches and the Angle at O = 13, and alſo the 


Angle at K = 77 : o' to find to find the Side X O, ſay, | 
As the Sine o 


the Angle at O 139 : of co. ar. — — 0.647911 
Is to XK 100 — — — — 2. 
So is the Sine of the Angle XK O = 57® : 0/ — — —— 9.988724 
To the Diſtance bety enxand O, = 433-2 Inches — — 2.636635 


6. To find the Diſta 8 of the Hour- lines upon RN from che Subſtile at X, you muſt make 
40 = 433.2 Radius, thet Tuppoſe you would find the Point 7, thro' which the Hour-line of 
| — 10 


Se WA ett 
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10 muſt paſs, you ' will find in the third Column of the Table, that the Angle at the Plane 
for, that Hour is 7? : 11“ from the Subſtile, then ſay, as RAGS — — 10. 


Is to 40 1 — — — — 2:. 636635 
So is the . of 7e 110 — — — — m iS 100487 
n 3 3 al: : e 


_ This is to be ſet under x in the 5th Column againſt 10. 
Again, to, find the Dance from to for q a- Clock in the third Colimn ER 9 you have 
1u 


4: 15% then as 


— — 5 10. i 


C 5 2428.636635 
So is the Tangente of 4 : 15 | DED R 
T0 . 34.79 , adaibhes nil ded it 07782 


77 
: Bet this in the 5th Baade againſt ga-Clock) and 10 piveeed with the reſt: df the Angles in 
the third Oolumm uritil you 1 nazi nden 


7. ST the feveral Diftances, taken fröm the fame Seale (or Ser). by Such you Hiekſinea' 


X K upon the Line RN from X both Ways, and you wilf have the Points in that Line 
thro* which the Hour- lines of 4 5 6 7 8 9 and 10 muſt pals. 


8. Draw another contingent Line S T parallel to R N at any proper Diſtance from it, as xy, 


ſuppoſe of 84, ſuch Parts as x K contains x00, then add this to o x = 433-2, and the Sum 
will be yo = 517.2. | 


Now to find the Diſtances of the Hour-lines upon 8 T from the Subſtile at y, you muſt 


make Uſe of the ſame Angles from the third Column that you did eg only you make 
5% Radius. 


Tuus, "ah ” would find the Diſtance y þ of the Hour: line of 10 from the Sub- 
ftile, Then 


Tanze: — äà—é—— . ] , ]7§7«ßs«,ðrt. ̃ §⏑§7˖¼—⅛ri2.1 2 aa e d | 
As Radius _ — — 1 
1s to y 0 2 5172 n +: e e hs. — — | * =a4% N —— 2. mY 
So is the 1 of 1922111! ð2 — ee, 100487 
Toyb=65.19  ——— — ID | — — 1.874146 


Pio this in the 6th Column againſt 10. ENS 1 
AGAIN, 10 find y c, the Diſtance of the Hour-ne 0 ens Bs f j 
As Radius — — „ 


Is tO y 0 + 517. 2 5 | % Ae No —— 2.778650 
So is the Tangent of 4: 110 ! — 871004 


* 


— — 


To the Diſtance from to c = 38.44 — — m 


% mm 58472 72 
Place this in the 6th Column againſt 9. Do the = wy all the * af eg vnc 
you have compleaſed the 6th Column. "N, | 


Wu that is done, take x K in your Compaſſes, and. open your £ Jer 28 dread at 
Art. . and hem ſet off the ſeveral Diſtances from both Ways, that. y have in the 6th 
Column, and thro theſe and their correſpondent Nin uho upo n 9 N, draw. os « FI} oy 
10, 10,9; ꝙ &c. and number them as in the Figure. E 

10. To find the Hiight\of the Stile above * as x q. . * 


The Stile was ſound to be 5: 29", and this is an An le made at Ne "oO. id - 


X 


or Center o by;the Stile over the Subſtile » x, and is one Angle of the, Triangle 
Right-angled at! x, by which, and the Side = 433.2 you may find x thits, 
As Radiuß N - — 10. 
Is to x 433-2 | | Ke \ A 566 
80 5 the T ; Wgent or SO 2g! 29... — ͤ — 7777 e 
To * 7 e ben Bae A e Erb = - 101800 


\N 
25 


— 
4 N 
= 
40 
* 

4 
_ . 
3 
* 
* 
7 
7 
<= 
— 
a" 
bes 
__— 
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Rs 
1 
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with your Face towards the North, the 


11. To find the Height of #he Etile ahve y g 4 1571 ; a d but „ tet Arq Not x 
Here muft uſe the ſame Angle, vie, 2 5h 293 bot make 7 r Radius ; then, 


Toto yo= $17.2 eee, we; -- — 2. 1765 
So is the Tangent of © pF” : 297 e E e,, Pr. 8. 992251 
To the Stile's Height y p = 49.659 — — et 1.698970 


Set theſe Diſtances from the Sector, opened as before, up from x to 7, and from y ws, 
and draw the Line p 7 for the Stile. 
Nate, That the Stile may be either an Iron Rod as p 9, fu ppoſed by fomething like 2 and 
;, or an Iron Pin ſet perpendicular to the Subſtile. 
. Note, again, That when a Dial is trul „if you ſtand upon the South Side of it, 

r Hand of the Meridian are che 

Morning Hours; and thoſe on the Right Hand are the Evening Hours: But. if Yo ſtand on 
the North Side, looking yon 8 ns Forengon Hours | are on . gt Hand, 
and the Aſternoon Hours on * 


— 


35 
* 


n 
"POS S900" PT R 9 
x » 4 WOE * * n. n ei K 4 11 4 8 
* 3 + 3” "ICT LE (TV TED r * 9 a 6 "OPS" Gerne 2 £ * re h 
7 * . >a * OI. * Fe ET * OR" LAY * 9 Pf n aa. * 7 K =_ "3 9 n * 7 EY YT ** * DP * a - N p . 
* * 8  on$RF q © * adi ** a, U 


6 \ 
8 * 
Fo 3 * wa DIET . Ie 7 a 1 by, « * F : 4 A * 8 
* 10 2 — * ba V 1 N „ 4 Fg K . ö EG ns 82 cx Ni ods: I # * 2 _ * 99 
Wa l FR. p W \ e 9 1 4 N T5 4 
. 1 * ; SB nd be 9 £ * 20 TL BE n = 


x „ y * * "Ts 3 th, TY 9 5 A * ; n Ay): 
'] * 4 9 . 1 N 0 „ 3 8 . 5 « Gs 
* * > T 2 ” | — = » * * 4 Fog. 


£8 


faved, and the Hour-lines drawn ſufficiently near the Truth, : 


you will find the ſame Points upon the Lines BN and S'T-as before, by which you mav 
draw the Hounlines. * * 8 \ 8 | d C | | Y y 1 m * 
| | 


\ 


% 


j * [ # 1 * 8 
0 py } = — 2 4 -_ 
* "> he * * * * 8 
— . . by 
* * 
\ : 
> % N ** * 
* \ Ki; 
: . 1 * e 
„ * 15 
» — * * 
188 0 * \ 
' ; — „ K % 
477 * 2 5 % y N * . 
\ - « - \, e N 
* * 1 4 * 


* 


| 1 


i 


TX 55 48 TV j Fx 75 J 75 A 
| * , F * — 
. g \ v4 * : 
| 1 : 3 
\ 9 " 9 * 0 2 
8 . af, . 
** | | = % 
| | ES be ; a 3 
. Fl q * 
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R Way to draw the Hour-lines upon a North or South Dial, declining many 


Degrees towards the Eaft or Weſt, and more agreeable to thoſe that are not acquaint- 
ed with T tigohometry than the former, . Oy 1 n 


\ NOTHE 


1 
\ a f 5 
\ ON f ? 


— 1 0 | \ | a 8 : 1 Wo. | . 
End | * . * . : 7 \.2 [! i 
ES 2 \ 5 1 
Lzr the Plane upon which the Dial is to be drawn be AB C D, and the Latitnde of 
the Place and Declination of the Plane be the ſame as in the laſt Example, conſequently 


the Requiſites will be the ſame, vixg. 
1. Taz Diſtance of the Subſtile from the Meridian ⁊ — 37 19 
2. Tf Stile's Height — — — * | 

3. Tax Difference of Longitude .- — — — 8251 

Now the m ay be found.” See Chap: 10 or rr RS —— NE 2 9 

. SCENE IS IOOLLIEN by | Coal. 'Þ N. 3x03 

1. Draw eg, and upon the Center ? deferibe the Arc NA upon which ſet the Diſtance 
of the Subſtile from the Meridian 37? : 19' from x to z as before, then draw # c for the 
Subſtile, and upon the ſame Arch ſet the Stile's Height 5: 29“ from z to ov, and draw 


the Line 2 20 for the Stile: But this being ſo near. the. Subſtile, muſt. be made higher, 
that the Hour-lines may be farther off one another than they can be, if drawn according, 


[ 
| 


- bay 
PLS, 
— 


o 


to this Elevation of the Stile. 


2. To do this, draw the Line 29 parallel to the Stile e 20 at any convenient Diſtance from it 3 
| and this is the new or augmented Stile to ſtand over the Subſtile ec. 


3. DRA the two contingent Lines RN aud 8 J thro! any aſſumed Points in the Subſtile, 
as x and 9, and at Right- angles thereto, . „ 


4. TAKE the leaſt Diſtance from x to the augmented Stile, and ſet that- upon the Subſtile 
from x to Q ; alſo from the Point y take the leaſt Diſtance to the augmented Stile, and ſet 
that from y to P. | | | 


5. Uyon the Points Q and P, as Centers, deſcribe the two Arches Y i and mm yr, and upon 
theſe ſet off the Difference of Longitude 829 : 51 from x to i and from y tor, both on 
the ſame Side of the Subſtile on which the Perpendicular g was drawn, then draw the 
Diameter i and mr. | e Wa 


6+ Divip each Semicircle into 12 equal Parts, which you may ſooneſt do by taking 15 De- 
xees in your Compaſſes, and run that Extent upon the Semicircles from 7 and r to 5 and m. 


— 
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? 
x 


„9 AW „Lines en Ad p thro? the Diviſions a the reſpedtive Femicircles to the co con- 
“ Lingent Lines RN a 18 I. then draw the Hour- ines thro' the ee Pres in the 


1 » Gra ® 
_— — 


co tingent Lines i WIS ret 13% Lines drawn tr 2 am.() 2 
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CHAP. XV. 


AVING 1 the 1 how to make the South, North, Eaſt, Weſt, and Horizon- 


tal Dials, our next Buſineſs ſhall vc to ſhew the Manner of Making the North, South, 
Eaſt and Weſt Recliners. (See the Projection at Chap. 16.) 


Hau to drab the Hour-lines upou South Reclining Planes. 
3 > theſe there are Three Varities. 


ere 


ur rosx a South Plane reclines leſs chan the Complement of the Latitude of the Place, 
as WA E, then to find the New Latitude, in which it will be an Horizontal Dial, you muſt 
| 38 the Tc nation from the 2 of the Latitude, and what remains ſhall be 


f | | F 


Of DIALLING. 413 
EXAMPLE. | 


Lar W E repreſent a Plane, reclining from the Zenith 189 : of in the Latitude of 37 e 
325 whoſe Complement 1 is 38* : 287. | 
From Z P — 3 — 38 28 
Take the Plane s Reclination 2 Y — —— —_— 


Remains the New Latitude P Y . 


„ 


The New Latitude being fuond, you may proceed to calculate and make a Table, and 
thence draw the Dial as before for the horizontal Dial at Chap. 5. 
In the Right-angled Triangle P V you have P the New Latitude = 209 : 28', and the 
Angle BE q = 15*: Of to find Y 7, the Diſtance of the firſt Hour from the Meridian, ſay, 
As Radius 
Is to the Sine of the New Latitude 20⁰ r — — 9.543649 
8⁰ is the Tangent of 15" : of — — 9.4052 


63 —— 


— ———_ IO. 


To the Tangen t of L= 12 — — — 8.977701 
Fix the * 2. the Angles in 9 30 Column by thoſe in the 2d in like manner. 


| 12 W at the Pole. | Hour Diſtances, ] 
| —— * * ep 7 e 
1 © 0 ; 1 5 
2 80 | 3 w- '́ 
: © - JJ - 3 25 
-:0 3 
. 2 0 N 5 
C0 8 43 
F 9805 087 
TO 
"SY f 
6 . Fs 7 | | | 
7 | vail = 
1 
JOU 1 
|: — 6 — F 
1 l lf SW: 


= . i.» 


Taz 8 nnn as you VF: 8 in the ſy 3 are et oll FL: 0, upon 
the Arch . or and 209 : 28/ from 9 to 5 for the Stile's Height. 


pdt 5 8 "VARIETY 


— 2 


of DIALLING. 
VARIETY 2. 


War a South Plane reclines from the Zenith northward, fo far as that the Reclination hap- 
pens to be equal to the Complement of the Latitude of the Place it is called'a Polar Plane, and 
being parallel to the Axis of the World, can have no Center, but the Hour-lines will run pa- 
rallel to each other. This may be repreſented in the Projection following, at Chap 16, by 
WPE. The Manner of making the Dial is nearly the ſame with that of an Eaſt or Weſt 


Plane. N | 
Let AB C D be à Polar Plane. r * 
1. DRAw the Line E F about the Middle of the Breadth, and at Right-angles thereto draw 
the Line ic at about the Middle of the Length, for the Meridian or Hour of 12. 
2. SUPPOSING the Lines 7.7 and 5.5 at an equal Diſtance from the Meridian, then take 60 
Degrees in your Compaſſes from a Line 1 Chords, and ſetting one Foot on F, with the 
other draw the Arch pr, upon which ſet 15 Degrees from p to 9, and from F thro' draw 
f * Line, which will cut the Meridian at e, ſo o is the Height of the Stile fitted to this 
1 | 555 A 
3. Upon o, as a Center, draw the Quadrant oer, which you may divide into 6 equal Parts, 
of which d e will be one; take this in your Compaſſes, and run that Extent along the Arch 
from ? to d, ſo it will be divided into 6 equal Parts; or if from f you ſet off 159, 30“, 45“, 
60?, and 75, you will have the ſame Points upon the Arch as before. 55 
4. Lay a Ruler upon o, and each of thoſe Points, and it will cut the Line E F at 1, 2, 3, 4, 
then thro' theſe Points draw Lines eres to the Meridian, ſo will you have the Hour- 
lines for x, 2, 3, 4 and 5 in the Afternoon, and the Hour-lines for 11, 10, , and 8 in 
the Morning, muſt be drawn at the ſame Diſtance from the Meridian, toward E, as the 
others were from it towards F. Th ES. ; 5 
5. Having drawn the Hour- lines, ſet a Pin or Piece of Wire perpendicular to the Plane at 
u of the ſame Length with o n, or it may be a Piece of Braſs, in Form of a Parallelogram 
placed upon the Meridian, and of the fame Breadth with the Diſtance between the Hours 
of 12 and 3, or 12 and 9. | GE OI lr 
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N. B. THAT if you make on the Radius of the Line of natural Tangents upon a Sector, and 
from thence take the Tangents of 150 30“: 45 : 60® and 75%, and ſet them from n both Ways 
oye = Line E F, you will have Points upon that Line thro' which the Hour-lines muſt pals, 
as before. ook, Cas i ne . _= | e | 


| VV ANRIETY 5. 
Tus third Variety is of a South Plane, whoſe Reclination from the Zenith northward, is 
more than the Complement of the Latitude of the Place; in this Caſe you muſt ſubſtract the 


Complement of theLatitude from the Plane's Reclination, and'the Remainder will be the new 
Latitude where this will be an horizontal Plane. 


5 3 ; 3 * ; I 
5 EXAMPLE. 


_ Lew a Plane of the Latitude 519 : 34 tecline from-the Zenith 709. This may be repre- 
ſented in the following Projection by WE, and the Reclination by Z 5 — 709? : 00! 


— 


The Complement of the Latitude is ZP = | —— — 38 : 28 
Remains the new Latitude PG — — 31 132 


_ Here the NorthPole is elevated above the Plane 319 : 325 ſo an horizontal Dial calculated 
for this new Latitude will be the ſame as a Plane at Bondon that reclines 70%, and to make a 


Table for this, you have in the Right-angled Triangle PBH g , the Side P i = 3 3 and- 
e Mer 


Angle 5 P 9 = rt: o,, to find þd; the Diſtance of the firſt Hour from idian, Say, 
As Radius is to the Sine of the new Latitude 31“: 32 — —— 9.718497 


So is the Tangent of IS ; 00 — i — — | —— 9.428052 | 


— 
— 


To the Tangent of þ 3 50 7 cm >: 9.146549 


And ſo on with the reſt which you will find in the Table next following. 


- 


Hours | Angles at the Pole. Hour Diſtances. | 
7 hes $& = hi. -K. = „ i 
Ss 6 we” F 
in 3. 23-16 7 -- 7 : 59 | 
70. 3-21 WW 3... 16 9 | 
1 233 609 27 : 36 | x 
F..5..4:þ 00; 5.9 42 410 | 3 
„ 62 50 | 
6 8 0 90 : 00 | 
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A South Plane reclining 70 Degrees, 
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In this Figure the ſeveral Hour-Diſtances in the third Colutnn are ſet from o, upon the Arch 


2, and the Height of the Stile 31: 32 from o to s, thro which draw A x for the Stile, which 
muſt point upwards to the North Pole. . = 
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Of Direct North Recliners. 


HERE are three Varieties or Caſes of theſe Sorts of Planes, as there were of South 
Recliners. ne $90 
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of DIALLING. 


Cale x. 


SUPPOse a North Plane reclines from the Zenith 249 : o/ this may be repreſented by W d E, 
which falls between the Zenith and the EquinoQtial W E. . 

Now, if the Latitude of the Place where this Dial is to ſtand be 51: 320, then the Com- 
plement thereof is 389: 287 2 PE; to which add the Plane's Recinakien x d 24% 00, 
and the Sum will be 629: 287 =P d, which is the new Latitude, where this will be an ho- 
rizontal Plane; and to find the Hour Diſtances, you have in the Right-angled Triangle P do, 
the Side Pd = 629: 28”, and the Angle d Po = 15 to find the Side 4d o, ſay, 

As Radius — —— — — 10. 
Is to the Sine of the new Latitude 62: 28 — 9.947797 
So is the Tangent of 15* :o“ — — — 9.428052 


To the Tangent of do= 13˙: 22 — 9.375849 


PoE in the like Manner for the reſt, and ſet them down as in the Table. 
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Note, That altho' we have put on the Hours of 10 and 11 in the Morning, and 1 and 


2 in the Afternoon ; yet when the Sun is in the Tropick of Cancer, he continueth to ſhine 
upon the North Face of this Plane, only from the Time of Riſing, to about 9 Minutes be- 
fore 10, and then begins to ſhine upon the South Face; and ſo continues to do, * a- 
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| -- _ N. 
bout 9 Minutes after 2 in the Afterndon, and then begins to appear upon the North Face 
again, upon which he continues to ſhine until he ſets; as you may ſee by the Projection, 
where he leaves the North Side, and begins to ſhine upon the South Side at #, and appears 
again upon the North Side at . PP”; 


HERE alſo the ſeveral Hour-Diſtances from the za Column of the Table, are ſet upon 
the Arch w 50 x from o both Ways, and the Stile's Height 622 ; 28 froqq; io s, thro* which 


draw A 5 for the Stile. 


Cale 2. 


Tris Variety or Caſe is of a North Plane, reclining to the Equinoctial, and therefore called 
an Equinoctial Plane. „„ pop : e a 
Fs fog EXAMPLE. 
SUPPOSE at London, a North Plane ſhould recline from the Zenith 510 2% , then 


it may be reprefented by & E, which is 909 from the North Pole = P A, then P is the Pole 
of the Plane. [> | | . ; ES = 


To make this Dial is very eaſy, Thus, 


1. TAEkR 60 Degrees in your Compaſſes from a Line of Chords, and with that Extent de- 

ſcribe a Circle, and divide the ſame into 24 equal Parts, each being one Hour, which 
you may again divide into Halves and Quarters, or leſſer Parts of an Hour, as you have 
a Mind, or as you may fee is done in the Figure following ; then ſet up a Pin or Wire in 
the Center at a, perpendicular to the Plane, and let it be ſo high above it, as that the Sun 
may ſhine upon ſome Part of it, when he has the greateſt South Declinaticn, that ſo 
the upper Side of this Plane may ſerve the whole Year about. 


1. In order to this, the Pin, or Stile, being made of ſuch a Height as above, then let 
a Piece of Braſs be ſhaped ſomewhat like A B C (in the Figure) with a Hole near the End 
at A, juſt wide enough to admit the Wire to paſs thro! it. 


2. Lx r another Hole, as 1, 2, 3, 4, be made in this Plate, thro' which you may ſee the 
Hours and Parts cut by a Thread, or ſmall Wire z o. 


3. Uros the Part B C place a perpendicular Plate ſomething higher than the Wire that is 
in the Center, having a Slit in it, like unto that in one of the Sights of the Index of a 
Plain Table ; ſo when this Index is completed, and turn'd about the Wire in the Center, 
until its Shadow falls upon the ſaid Slit, then the Thread, or ſmall Wire, will give the 
Time of the Day; and a Dial of this ſort, thus made, will ſerve all the Year. 0 
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This is of a North Plane reclining more than the Equinoctial. 
"EXAMPLE: 


Surros that at London a direct North Plane ſhould recline from the Zenith 66 Degrees, 
—_— more than the Equinoctial by 14 : 23”, this may be repreſented in the Projection by 


The Complement of the Latitude of the Place is PZ = — 389: 287 


To which add the Plane's Reclination Z X = — 86 00 
The Sum is PX — 1 1 104 : 28 
XXX Bur 


a 1 * 
N * 
— 8 
n r . 1 
0 8 4 


4 


Bur as the Height of the Pole Ss a Plane can never b2 above go Degrees, then in ſuch 
a Caſe, you muſt take the Supplement of the Sum to 180 Degrees, which will be 75%: 22! 
the new Latitude where this Plane would be an horizontal one. 

Tars 75 32“ is a Part of the Meridian contain d between the Plane and South Pole, with 
which the firſt Hour from the Meridian makes an Angle of 15 fo at that Pole; now by theſe 
two you may find XP, ſaying, As Radius — — — 10. 

Is to the Sine of the new * N 75 322 — — — 0.9 
So i is the "OPEN N88 04 Ne — — — — — 
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Note, That the aa Ciſes of North and South Rockies er to the Pohenibn next fol 
lowing, and ſo does * Weſt Recliners, as you will Ws at the Feral _— where 
_ are Wess 24. 
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CHAP. XVII. 


Ot eaſt and weſt Recliners 


W HEN a Plane ſtands upon the Meridian of a Place, and perpendicular to the Horizon, 
| it is then called an Eaſt or Weſt Plane; but if ſuch a Plane falls back from the Zenith 
towards the Weſt, the upper Face is then upon an Eaſt Recliner, and ſo of the Weſt Plane- 
falling from the Zenith Eaſtward, the upper Face is called a Weſt Recliner. I 


To make a Dial upon theſe ſort of Planes, two Things muſt be given, viz. 


1. The Latitude of the Place, and 2 ; 
| 2. The Reclination of the R find 


3. The Height of the Stile above the Plane — 
4. The Diſtance of the Subſtile from the Meridian = —— —— Ng 
5. The Plane's Difference of Longitude — NP 


' EXAMPLE 


SuppOSsE a Weſt Plane in the Latitude of 51“: * reclines 35 Degrees from the Zenith, 
then it may be repreſented by the oblique Circle Na 5, whoſe Pole is at :, its Meridian: 
P 7, and Reclination z @ = 35?: o. 

hs XXX 2 Now 


2 
og. of = 
5 i 4 


_ of WAW 
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Now in the right Triangle NP g we have the Latitude of the Place N P = 319 325 and 
the Reclination PNg E 2 — "To find — 


"Sa 8 
4 


: J. Tur Height of the Stile above the Plane Pg, ſay, 


> 
Wa 


. 


As Radius is to the Sine of 510 3. N — Wo ; "Ba | | 9. 72876 
So is the Sine of 25 * JIN — — 9.7585 
To the Sine of P/ £7 * 1 — ö 

Me | 


— — 9.652336 
See the Projetion/hext foregoing EO 


2. To find the Dithniee of the SubſtilsFrom the Meridian Ng. 
As the S. c. of EE” — — 


— 13364 
Is to the Radius 19.0 18 


So is T. c. of 515. ws . MG — — — 9.900086 
F IR E \ 8 8 : 
/ * , : i j . * , 


To the T. c. of N. 7 se 54 1 N — 3 — — 9.986722 


3. To find the Differdate of - Longitude, | or Toclination of Meridian N p. 7 


As the S. c. of 512: 32 — | 9.793822 
A = — = 2.75363 
So is the T. c. of the Redlination 35} Sf —,” — 10.154774 
To the Tangent of the Difference of cas: 669 : : 28* — 10. 360942 


TH1s being reduced to Time, is 4 v. 26', and ſhews that the Subſtile will fall at 26 Mi- 
nutes paſt 4 in the Afternoon in the Weſt Recliner, and at 34“ after 7 in the Morning in the 


Eaſt Recliner, as you may ſee in the laſt Projection or Diagram, by the Meridians of the 
two Planes P and Pr. 


Having found the Three Requiſites, viz. 


1. The Stile's Height above the Plane — — :; 2¹˙¹—6 
2. The Diſtance of the Subſtile from the Meridian — 45 : 0 
3. The Plane's Difference of Longitude — — — 66 28 


1. THEN make a Table to contain 4 Columns, which will ſerve 8 both the Eaſt and Weſt 
Recliners, and place the proper Hours under cach, as ou ſee in the firſt and ſecond Co- 
lumns ; then place the Difference of Longitude 669? : 28“ in the 3d Column againſt 12. 


2. To 6600: 28' add 155, and the Sum will be 819: 28”, the Angle at the Pole for 1 in the 
1 Recliner, and 11 in the Weſt Recliner. 8 | | 


; SUBSTRACT 15% from 669 28 and there will remain 51: 28“; from this take 159 and 
there will remain 369: 28/, Cc. until only 6: 28” remain, which you muſt take from 
15”, and there will remain 86 320 This you muſt ſet on the other Side of the Subſtile 


Line ; and by a continual Addition of 1 5? you will have the Angles at the Pole for each 
Hour, as in the third Column 


4. For the Angles at the Plane, or Hour Diſtances, 
As Radius is to the Sine of the Stile's Height 26 : 41 — — 9.652302 
So is the Tangent 8 — — 131 320 


To the Tangent of 319: 177 — — — — 9. 783623 
Work in the ſame inner for the reſt, to compleat the 4th Colum, as you ſee. 
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Note, That when you add x52 to $19. :-28/ „the Sum will be 962 28; but tlie Su pple- 
ment of this is 83: 32/ to ſet in the third Column againſt 2 and 10. . 


To draw the Dial. 


Lr ABCD (Fig. 1.) be the Plane for a Weſt Recliner. . 


1. FRoM any convenient Point E, in the Line A B, draw the Line E 12; then take 60 
Degrees in your Compaſſes from a Line of Chords, placing one Foot in E, as a Center de- 
ſe 


cribe the Arch #p fg h; upon which, ſet 45? : 54 from JF to g, and draw E g & for the 
Subſtile, and continue it to 4. | 1 Bs. 


2. Taks the Arches, or Angles, in the fourth Column, in your Compaſſes, ſeverally from 
the Line of Chords, and ſet thoſe Extents upon the ſaid Arch from g. Except 75: 51 for 
10 in the Morning; for that muſt be ſet from & to p, then lay a Ruler upon E, and the ſe- 
veral Points made in the Arch ; and by the Side thereof, draw the Hour-lines, as you ſee 
they are in Fig. 1. And hence you may know how to draw the Hour-line in the ſecond Fi- 
gure. Theſe Directions ſerving for eiter. | 


N. B. That the Situation of theſe Dials will be Plane, if when the F igures are before 
you ; you imagine your Face towards the North. | a ; 
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Nate, That in thefe fort of Planes, the Complement of the Latitude, where they are 
placed, is always the new Latitude, and the Complement of the Reclination is ever the De- 
clination in that new Latitude, where they will me erect declining Planes. Then in this 


- - 


s 7 + 


Example, JJ £191 00 077-90: {.28 EAT] 
The Latitude of the Place where they would become erec Planes, is —— 389 : 287 
And the Declination in that Latitude — ᷑ͥͥ—luͥ— — 55 :00 


No, if you would draw a Dial for this Latitude and Declination, by the Line of Lati- 
tudes and Hour Scale, you will, either by Calculation, or ſuch a Diagram as yon were di- 
rected to make at Chap. 11, find the Requiſites to be as before, viz. STIR. 4..99 
1. The Stile's Height | 4 260: 411 
2. The Diſtance of the Subſtile from the Meridian  —— —— 45 : 54 
. The Difference of Longitudteñ,v“ — www 66. 28 
£1 Which in Time is 4 *. 26', as before. eB, 8 


To draw the Dial. 


Sur rosE ABCD to be the Plane upon which the Hour · ines are to be drawn. 
1. Draw the Line E 12 at a convenient Diſtance from the Baſe AB, and upon E, as a 
Center, with 60 Degrees from a Line of Chords in your Compaſſes, deſcribe the Arch fg , 


and from the ſame Line of Chords take 45? : 54“, and lay that Extent upon the Arch, from 
the Meridian, at / to , then from E thro' g draw the Line E W for the Subſtile. 


2. DRA. q x thro' the Center at E, and at Right-angles to the Subſtile E W then from 


the Line of Latitudes take the Stile's Height 26 41/, and lay that from E to H and G. 
ET 3. TAKE 


— 


/ 


O DIAL LIN G. 4265 


+ 8 1 A. ON Fo 1 4 75 5 va 4% 25 8 _—__ £* 5 7885 Fay 1 ay, vhs 7 7 - 2 8 2 25 1 ; bi W444 
4, Tarr the whole Line of 6.Hours in your -C Tes, and ſetting one. Foot in G or 


H, turn the other about until it cuts the Subſtile at K, from which draw the Lines K G and 
K H, and this laſt cuts the Meridian at . Now, if you meaſure K / by the Hour Scale, you 
will find it to be 4. 265 by ne, lo the Inclination of Meridians. Lay the ſame Extent, 
vi. K / from G to 7, and from E thro? f draw a Line for the Hour of Six. 


4. ADD x; Hour to 4: 26/, and the Sum is 5* 26/; take this from the Hour Scale, and 
ſet it from K to r, and from G to , then ſubſtract 1 from 4: 260, and the Remainder is 
= 26 Take this from the Hour Scale, and ſet it from K to mn, and from G to 3. From 

: 26" take 1 Hour, and the Remainder is 26: 26”, ſet this from K to u, and from G to y. 
gain, take x" from 26: 265 and the Remainder is 10: 267; ſet this from K to o. Laſtly, 
from 1 : 26/ take x Hour, and there remains 26 Minutes, ſet this from K to p, and from 


G to 20. 


— 
* 


| Fa. Ea | | A SH). Fits 1 | 
5. Tunovon the ſeveral Points r m n, &c. draw the Hout-lines, then ſet 26 417 from 
1 K 7, chro which draw E fe for the Stile, which muſt be placed directly over the Subſtile 
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Of DIALLING. 

.... 

Of Sotith Declining Reclining Planes. bbs 

HERE are thite Vatietics of theſe Soft of Planes, for to any Declinatlon the Plane 

1 recline fo thir, e COL IT e hone key 
am. > © Jo 


1. It may pafs thro' the Pole of the World, as = — 
2. It may recline fo, as to fall between the Pole and Zenith, a AB 
3. Or, it may recline ſo, as to paſs between the Pole and Horizon, as = AErB 
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| £ VAR FE- — 1988 3, 8 — . 
Lx a Plane, in the Latitude of 51: 32“ decline from the South Eaſtward 30“, and re- 
cline from the Zenith 34“: 321. This may be repreſented by Ag PB (in the laſt Figure) and 


which we ſuppoſe does paſs thro? the Pole at P; but that we oy be ure of that, we have, 
in the Triangle Pz g, right-angled at g, the Reclination of the e x g = 34? : 32, and 


Angle gzP = 309: o“ to find P; thus, 
As Radius | | — 10. 
Ts to the S. c. of the Declination 30: O — — 9.937531 
So is the T. c. of the Reclination 34“: 32 ie 3 10. 16232 5 
To the Tangent Complement of 38“: 28' = Z 7138 10.099856 


This 389: 28“ being the Complement of the Latitude of the Place, ſhews, that this Plane 
does paſs thro* the Pole, and is a Polar Plane. 


Now 


Of DIALLING. 427 
Now before the Hour ines can be drawn, two Things muſt be found, vis 


Tus Diſtance of the Meridian or Arch of the Plane contain'd between the Meridian PR 
701 the Place and Horizon | 


2. Tat Plane's Difference of Longitude, or Angle made by the Meridian of the Place 2p 
NP Z 8, and the Meridian of the Plane r P QR. | 4 Q 


| In the Triangle Z g P, you h wy the Reclination of the Plane 22 = = 34? : 32', and its De- 
clinationg Z P = CN = 302 : 0), to find g P, ſay, 
As Radius 


So is the Tangent of g Z = _ o“ — — — 981425 ; 
To the Tangent of g P = 180 7 — 9.514934 


The Complement of this is PB = 512? : 53/ the Arch quired. 
For the Difference of Longitude ZP being the Pole of the Plane and P Qits wer idian). 

As the Sine of ZP = 382: : 28" — — 9.702832 
Is to Radius — — — ? 


So is the Sine of the Reclination g gr 32 


To the Sine g P = 659 : 4 — — 2.950053 
Txx Complement of this is hams 3 10 (e P. Qbeinga Right-a ie } which in ti me 
is 1* : 37/ : 16%, take this from 12 Hours a and there will remain ro* _ 227 : U Bae we And 
that the Subſtile will fall at 22"; 344” galt 10, as you may fee in the Projectiou by the νẽðp G 
of the Plane P | 
. Tux Difference of Longitude Iing— — — 3 24 1917 
And the Diſtance of the Meridian from the Hog 0 | — ; ; 
Mi may now mate a TA BLE 45 for any other declining Dial. 
FE: Angles a at he Pole: 
81 Wc 
[5| Deg. Min. | | 
I 
i 2.213 
TR 37 3,48 1.265 6 
1% 353 4 0.718 | 
„ 4, $--- 90777 J 
* 3 | „ 
. 8 75 o. 164 
| 1121 24 1 19 6 1 ) 0.452 5 
; i 14. 29 Hm \ 19 : 0-8 19 N 
T | 
4 304 :\ i048 1 
1 1 : 


p } 
3 
5 „ 
: a : ' . 
55 \ x 
i b 
f 8 
—— 8 * 
. . 
- 
11 
1 — 8 II ee * 


_— > a 


LET ABCD wo 1 abet e the 1 aan te drawn, | 


1. Da aw. the Line M R, at a convenient Diſtance from the Baſe D C, to repreſent the Ho- 
rizon then with 60 Degrees in your Cowpalhs from a-Line of Chords, ſet one Footin M, 
* 0 and 


* "+40 — 
7 — 


o DIALLING. 


=. and with the other deferibe the Arch fg b, upon which ſet 119 : 53 fem 7 to g, and from 
| M thro? 2 draw the Line M N for Subſtile. a * 7 G 


Y 2. By the Projection or Table you ſee that you may may y have fix Hours upon 628 Side of the Sub- 
„ - Mille, therefore draw another Line about the Middle of the Plane, and parallel to MN, as 
1 ; P, then this ſhall be the Subſtile inſtead of M N, to this alt the Hour-lines muſt be parallel. 
1 3 IF you bring in the Hour-lines of five in the Morning, and four in the Afternoon, then the 
1 | | ie will be too low, fo you muſt be content to leave thoſe * * ä of ſix and three 
= for the extream Hours. 

A 4. Max Choice of fome convenient  Pointin the Line B GC av 2t : b for one End of the Hour- 
1 * of 3, from whence : at Right - angles to PO, then with 60 Degrees in your Compaſſes, 
== - and one Foot in t, deſcribe the Arch yr, upon which ſet 20? : 41' (the Complement of 
1 999 : 19), the Angle at the Pole for the Hour of three) To 7 to py . draw out 795 until 
1 it cuts the Subſtile in 8, ſo 158 7 the Stile's Height. 


5. MaxE 45 the Radius of the Line of Natural Tangents upon a Socter, and thence take of 
the Tangents of the ſeveral Degrees and Minutes that are in the fecond Column of the 
Table, you lay thoſe Extents upon the Line tw, from g both way; as the Table and Figure 
will dir 

On, Take 8 in your Compaſſes, and make-that * parallel Diſtance between 10 and 10, 1 

| we Line of — and thence take ont the Numbers this 8 have in an third £5 08 


wy 7 Wee — 
* 1 . 5 ; 1 3 48 : ; EY *. * * ” 0 
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 VARIETYX 4. 


* — 


Tan Variety is of a Plane 
lining from the Zenith fo as to paſs between the Pole and the Zenith. 


2 e 
SupposE a Plane in the Latitude of 51* 132 declines from the South Eaſtward 30? and re- 


clines from the Zenith 200. 2 MES n . 
This may be repreſented in the Eig. following by A5 OB, the Pole of which is at L, its 
Reclination 2 þ, and Declination NC = SD= 520. 5 


— ——L 


. 71 


— 
0 
>, - 
. 
I *% 
_— =. 1 " 
. ? _— 
Er 9 
; : 
* F ; 
by Z 


7 | M4 | 
Tn beſt Way to make theſe fort of Dials is to refer them to a new Latitude, and new De- 
Clination, where they * upright declining Planes. 3 ER 
Now to find the new Latitude where this Plane ſhall ſtand as an upright Decliner, you have 
in the Triangle Z h Right-angled at h, the Reclination Z þ = 202, and Declination % Z O 
8 D 30? to find. | , N | 
1. Tux new Latitude O, fay, 
As Radius n bn A — — 10. 
Is to the S8. c. of the Declination þZO = 30% • ͥsJ—ʃP —1 — 9.92731 
So is the T. c. of the Reclination 5 2 = 202 — — 10.438934 


To the T. c. of ZO = 229 48 5 — — — 10.376465 
+ Addi this to Z == 51: 32“ and the Sum will be O : 20, the new Latitude re- 
quired, Yyy2 2. To 


C of SR ww * 
"RT + ; n 4 \ Fan Po Wt AR Me Ik i Le 270 < 67, e * 0 ! * 1 / \ 5 . 

N . . , "of 7 2 W N . FO i a eg o e A . 3 a” K 4 * W 8 L 4 N 
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that declines from the South towards the Eaſt or Welt, and re- 


. << R_ A. 
n 


5 e $ Y A * i - 7 * ; : K "I 6, * 4 \ * — 4 = L 2 4 & * „ * 
* Jt ; 1 ; 
$3 ; ö | ho : 8 BPM. " ; ' 9 
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2. To find the Angle 50 2 


1s to the 8. err 2 —— ls 4 50 — 972986 
So is the Sine of the Declination go? © ꝝ — , 0. 807 


To the S. c. of hoz= 61® : 50 — — — ' 9.671956 
The Complement of this 1 is the new Declination | — — 289 95 
. Tofind the Diſtance of the Horizon from the Meridian Q 1 ee l 
Is to the Sine of the Reclination 209 dba) FT L — 9. $34052 
So is the Tangent of Is on * e 
To the Fe of ho 11 nl | — — 9.295491 


bo „ 


4. To find Mg Stile's Height Pr. "he 


You have in the Trian 7 ub Ne atr r the ; Ang. „ = 619 and 8 
* F on I - 40 (= =>6 Z) th | 4 — 59/ 5 ide 
s Radius — 


8 „ | 1. Wh X 10. 
Is to the Sine of P : $07 — — — 2 
So is the Sine of 619 59 : — — —_—. — 9.545888 
To the Sine of the Stiles Height p- 213 YR — — 91379297 


. To find the Diſtance of the Subiſile from the Meridian NF a GR 2 os 
As the S. c. of the Angle Y * = 61 59“ | — — 9.671847 
e ES. . 


So is the T. c. of OP = EY : . i 7; — 
To the Tangent Comp. of the Diſtance of the Subſtil oy 5 „ — 10.880282 
6. To find the Difference of Longitude Pr \ 1 yy 
As the S. c. of o P i : 40” — — — 9.983558 
Is to Radius — — — — — 0. | 

804 is the T. c. of P or = 619: W- — — 1 — — 9.725674 
To the Tangent of oPr = 280: 55” „ — 3 my 9. 742116 | 


Having by the preceding Work found the nece Requilitcs, make a Table as for an 
right Decliner (See Chap. 10.) But before you 5 may obſerve hy the Projection. * | 


1. THAT when the Sun is in the Tropic of W, he will ſhine upon this Plane from the Time 
that he riſes until he ſets. 


2. THAT when he is in the nn he will dune upon it it from the Time of hiding until 
about 3* 3 in the Afternoon. 


Tur when he is in the Tropic of gs, he will appear upon it 2 four and five 4 in the 


Morning, and go off it between two and three in the Aﬀternoon, and this will let you 
know 2 Time to put in the Table. 185 


"i 88 : 55 | 85 : 28 
4 3 + 78" M1 39 © 34 
| 2 3? 3. 35. | 4x +». 34 
1 | 43: 55 | 12 5 56 | 
. % 
. 11 : 2 
— Sub- ſtile 
10 I 2 05 0 : 16 | 
| 5 16: 05 3: 50 | 
0 IT 
7 | 46:05] 145 54 | 
6 61: og | 23 : 20 | 
| . A. 28 


To draw the Dial. 


1. Draw AB for the Horizon, and make Choice of ſome Point therein, as C nearer to B on 


the Eaſt Part, than to A on the Weſt, that ſo the Hour- lines near the Subſtile (which muſt be 


upon the Weſt Side of the M eridian, becauſe the Declination is from the South towards the 
Eaſt) may be at the greater Diſtance upon the Limits of the Plane. 


2. WIT EH 60 Degrees in your Compaſſes, from a Line of Chords, and one Foot i in E draw the 
Arch d E g, upon which ſet 789 : 50% the Diſtance of the Meridian and Horizon found at 
Art. 3.) from d to E, and draw the Line CE 12 for the Hour-line of 12. 


3 From the Line of Chords take 72 : 39's the Diſtance of the Subſtile from the Meridian 
eie 5. J and ſet that on the 
ubſtile. 


4 From f ſet off the Hour Diſtances both Ways, as you have them in the third Column, 
| then draw 0 Hour lines as in the Fig. following; 

* From ſet 130: 47'the Height of the Stile (found at Art, 5.) to 4, and from Cdraw CA 
for the Stile, whi h muſt ſtand directiy over the Subſtile. 


A South 
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A South Dial Declining Eaſt 30® Reclining 20% 


FEB TEST ADL WRIST 07 
1] 
a I 8h 
: 1 F 5 
1 | 
5 C.J 
* 4 1 \| 1 
e 
V A R 1 E T * 3. 
To iy the Hour nao oth mcnng Pe, c ba wen wa pit 
between the Pole and the Horizon. 
| EXAMPLE. ob Ho eee 
Suppoſe a Plane in the Latitude of — „ * ; 32'= = NP. 
Declines from the South Eaſtward — — 30 8D. 
And reclines from the Zenith — — 35 : 00 = ZE. 


This may be repreſented in Fig. 1. of Chap. 18. by AErOB where ZE is the Reclination, 
and 8 D CNS E ZN, the Declination as above, By theſe you are to find, 


1. Tu new Latitude where this Plane ſhall be an upright Decliner. 1 
2. The Plane's new Declination in that new Latitude | [ 
3. The Subſtile Diſtance from the Meridian — { 0 
4. The Height of the Stile above the Subſtile — — r 
5. The Plane's Difference of Longitude —— — rPO 
6G. The Diſtance of the Meridian and Horizon —— — Þ 0. 
Nate, That I is the Pole of the Plane 7 P Tits Meridian, and A Z Bits Baſe. 
| ; — 1. To 
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Of DIA LUI N 6. . 


1. To find the New Latitude. 15 
In the Triangle E Z O Right - angled at tE, you kavs' given the Side 2 E = = 350, and the 
5 Angle E Z o = 30 Degrees to find O Z. ; 


As Radius is to the S. c. of EZo= FCC ER 37521 
So is the T. c. of E Z = 55? F — — TEE 
To the T. of ZO= 15 : — 9.782758 


From this take Z P = 38 SE of the old Latitude, and there will remain 
200 18/ for the Complement of the new Latitude, which is 69: 42“; or add 5 46” = £0: 
to the old Latitude ZE 51* : 32, and the Sum is O 4 = = 110% i 180 the Supplement of 
this is 69® : 42“ the new Latitude as before. | 


2. To find the new „Declination. 


As Radius — —— — — rt TC. 
Is to the S. c. of EZ = 552 — — Dis 4 9.758591 
So is the Sine of the Angle EZO = 30% == —  —9.698970 
To the 8. c. of the Plane's Declination in the Þ : ES 
new Latitude 730: 20 PO F * + 2 


The Complement of this is 160: 40 the new Declination required. 


To find the Diſtance of the Subſtile from the Meridian 2 O. | 
in the Triangle r O P Right-angled at r, you have the 1 285 r by O= 73" 20 and Com- 
plement of the new Latitude P 2 218 - 


— 


Then, as the S. c. Of OP =73" ü 9. 457584 
Is to Radius — —— — — 10. 
So is the T. c. of 209: 180 — — — 2431902 
To the T. c. of OS be: 4 — — — 10.974318 
j. To find the Height of the Stile above the Subltile / P. in 
As Radius is to the Sine of P 92 209 18/ 3 — — 


So is the Sine of r OP 73 200 


2 9.981 361 


To the Sine of the Stile's Height P 199 25% ee 9.521610 


. To find the Difference of Longitud O... "ot i 
As Radius is to the S8. c. of PO= 2090117 — — 9.972151 
SO 1 is the Tangent ofr OP = 739: 207 — — 0.523777 


To the T. c. of PO 17 . ——ů — — 10.405028 


Reduce this 170 42/ into Time, and it is — 8 i: 972487 
Which take from 12 Hours, and the Remainder i is — — 10 : 50 : 12 
This ſhews that the Subſtile will fall at 50“: 12“ after xo in the Morning. {EEE 


6. To find the Diſtance of the Meridian and Horizon BO. 
You have in the Triangle B O N Right-angled at N the Angle N B 02 = 35 (the Comple- 
ment of the Reclination) and N B = 90% the Complement oſ the i Then 


As Radius is to the 8. c. of NB O 355 — — 9.913364 
So is the T. c. of NB bo” — V 9: 701439 
To the T. c. of BO = 64% : 41 m— — — 9. 974803 


* 
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To know what Hour-lines muſt be drawn upon this Plane, you muſt obſerve by the firſt Fig, 
of this Chap, that when the Sun is in the Tropic of , he will appear upon it between four and 
five in the Morning, and 80 off it between five and ſix in the A ernoon, 


— 


Angles at the Pole. Angles at the Plane. 
D * | 2 m |} 
t 9 1 | 
: 1 | 0: 10 : | * 
57 : Is . 9 
VV 
27 -: a | 4 23 4 
T2 2 a | : 

PE Sub: ſtile. 

2 2 42 „§öÜ 8 
17 : $2 SC: 3 
32 +: a | 3-7 ; 
47 42 20 < £ 
. mM : a0 
23.23.1424 


1 


To draw the Dial. 


Mi Daa the horizontal Line A CB to repreſent the Baſe AZB in the Projedtion, 


2 TAKE 6⁰ Degrees i in your Compaſſes from a Line of Chords, and ſetting one Foot in any 
convenient Point in the Line A B, as at C, upon that as a Center deſcribe the Arch Ar OB, 
and this ſhall repreſent the reclining Plane A Er O Bin the Projection. 


5 Take 64: : 41' in your Compaſſes (the Diſtance of the Meridian and Horizon, and ſet 
that from B to O, and from C thro* O draw the Hour-line of 12. 


4. TaKe 6“: 3%, and ſet that from O to r, on the Weſt Side of O. and from C tio r, draw 
Cr x for the Subſtile, and from r ſet off the Angles at the Plane, or Hour Diſtances, as you 


A have them in the third Column of the Table, * thro' the Points in the Arch ſo found, 
"ran the Hour-lines. 


5 Tae 1 25'(found at 1 4.) and ſet chat from r to Y, and draw CYg for the Stile, 


which-muſt be placed Juſt over the Subſtile Cr K. 


* 


declining, rec 
THERE are three Varieties of North 


; Planes, as there were of South re- 
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1. The Plane may paſs through the Interſection of the Meridian and Equinoddial, as A g B, 
and then it is called a declining polar Plane, and hath the Subſtile always at Right-angles with 


% : 
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* 4 1 i 2 — 4 


2. Ox elſe 7 above the Interſection of the Meridian and Equinoctial, as A h B, or ur 
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J ˙ » 
I the Projettion following, tet A E B be the Rate of 2 Plane declining from the north Part 
of the Horizon at N. towards the Weſt 60⁰ = N C. and reclining from the Zenith 32“: 11 
= 2 g, and let the Latitude of'the-Place be P N = 51? : Po. and its Complement PZ —= 

8 : 287, then will the reclining Plane Ag B paſs through the Inverſ 


| ection of the Meridian and 
quinoctial at CE, and be an upright © in thofe Places where the Pole lies in the Horizon, 
conſequently have no new Latitude. 


The new Declination is the Angle g  Z, and P r is the Height of the Stile above the Sub: 

ſtile, the Subſtile being always diftarit from the Meridian 90 Degrees, the Diftance of ta Me. 
% ö k ² — m =œẽEHꝙY· M on 

Now that you may be fute whether this is à declining polar Plane ot not, you have in the 

Triangle z g , Right-angled at g, the Reclination z g, and Declination'g'z e, to find Z E. 

Is to the 8. c. of g 2 @ 60 o /bͥũ — —ʃ —4 9787975 

So is the T. c. of Z g = 32® : 11 — — — — 15.201123 


To the T.c. of E H zie % — :. 9998903 
Which being the Latitude of the Place, ſhews that the Plane paſſeth through the Tnredfettion 
of the Meridian and Equinoctial, and conſequently that it is a delining polar Plane. | 
AGAIN, if you have the Latitude of the Place, ſuppoſe Z OE = 519 : 32/, and alſo the 
Plane's Declination, ſuppoſe CE Zg = 60®, you may find what Reclination the Plane muſt 
have to tecome a declining Polar. | | 8 
Thus, As the S. c. of the Declination CE Z g = 602 —— — 9.698970 


So is the T angent Comp. of the Latitude Z CE = 51“: 32 — 9000086 


Io the T. . Z f = 320 11/ the Reclination required — — 10.201 TU 


sf; WO * 11 1 — 4 3 : o 17 2 ry 
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Or if you here the Recination 9 then 
fined! the Angie 7 r © in the fame e eonfria 115 0 2 rt 
vim no Cf. .%7 env 


Wag, (TE 767 78g. bft 1 ret 2 mul Hit So 18 " ; felt ety 
Dechination t 4 
vin mer Ther oor teen ZE= 
Tg = 327: 11 — Kg 
A < 20 NS, As the Sine of L > 32 
Ist o Radius | „ 
do is the Sine of 320 7 — 7 <a 


To the Sine of Z Mg = : 52% the new Dedlidation: 
Tue Meaſure of this Angle is Pr, the Height of the Stile above ** Subſite, Coby 


Z 1 I „ 


5. Diſtance of the — 
As Radius 10. 


Is to the Sine * Latituſe Ze = 51®: — — 9.893745 
So is the Sine of the Declination E Zg= 2 


To the Sine of g = 42e r ef — —— 9.831276 
Take this from go® , and there will remain 479 : 18” = 4 K. 75 


Note, That. the Pole of the Plane 4 gr B is at Q, upon the Hour-line of Six, then 
the Hour-line of Six, WQPrE, is its Meridian, and makes an Angle with the Me- 
ridian of the Place of go = £ P r, which is the Difference of Longitude ; hence we 
ſee that the Subſtile will be upon the — of Six, the Diſtance of which from the Meridian is 


—— 4A6A — 


— es... 


Er, equal to go" as above. . 
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The New 3 in that Latitude 42 — — 


The Distance of vs a} 
The Height of, ein Plank. r a . 
The Plane's Difference of Longitude Pr. 

1 he Diſtance,of the Meridian and —_ AM. 
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The Subftile þ 
are 
Jumn of the Table. Then the third Column is made from the ſecond as for an upright De- 
_ ſo for the Hours of s or 7. the Angle at the Pole for theſe . Tou a may ſay, 


2. Takxt 60® in your Com aſſes, * a 1 of "A 4 u 


> 1 - a N 3 2 r 
f * 7 6 1 | 8 1 


Hour. ine of 6/the Angler for the Hours on «dither Sided Hour of 6, 
equal, therefore add 1 59 on either Side of the Subſtile; arid-you willmake the ſecond'Co- 


As Radius — — — — 10. ö . 
Is to the Sine of the the Stile q Height 429 5. * — e 9. 832697 
So is the Tangent of P—. . e 1 BY | (9428052 
Jo the Tangent of 10: 20 — — — 96749 


Set this in the third Column * 5 or 9. and in eme n un of e e 


to fill up this Column. . ; | 3 
ou . ny ? 
. 2 —— * D 3 7 Nenn ach lo: | 
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To draw the 


1. Taz Table being made, | draw the horizon Line ACB near the Middle of the Plane, | 


and parallel to the Baſe 1 K. 


pon any Point in the Line 
AC B, as C deſcribe the ele HGE F B, upon which Set 470: 187, the Diſtance of the 


Meridian and Horizon from B the Weſt End of the n Line to F, upwards, and 
draw the Line F C D for the Hour of 12. 


3. 821 o the Diſtance of the Subſtile from the Merididn from F to > G, and draw C G for the 
* Subſti and Hour-line of 6, then ſet off from G each Way, by help of a Line of Chords 
upon the Circle E GF, the Hour Diſtances, as ys find them in the third Column ot the 
Table, viz. For che. Hours of 5 and 7, ſet off 106: 200; for the Hours 4 and 8; 210 2/7, 
and ſo of the reſt (but you ad} Line farther towards F than 8) ſo ſnall you have Points in 
E 7 Heben which ſtreight Hes Finnen from the Center are t! e true * 


n 2 
5 n | 1 15 44 


; hy 6 


4. Wr off the Height of the Selle 429 : 520 from'G 10 E. inne | draw che Line O E for we e Ai 


of = World, which being ſet exactly over the Sabſtite will complete the mal 
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To draw the Hour-lines upon. a North Dial declining 609: Weſt, and reclining 160, which 
may be repreſented in the next Scheme following by A/ B, which cutteth the Meridian at O, 
between the Zenith and Equinoctial Z h, being * Reclination = 169, and N C the Declina- 


tion of the Plane from the North towards the Weſt. =, 60 * 


In the Figure, Let 
The Height of the pole or F of the Place 5 2 2 K, which i is the Diſtance of the} 


Egquinoctial from the Zenith. 
O # is the new Latitude, or Latitude of the Place where the Plane would ſtand as an 

upright Decliner. 5 
The Angle h 2 is the new W 5 8 A 
OAis the Diſtance of the Meridian and Horizon. e e 
Ox is the Diſtance of the Subſtile from the Meridian. | 1 
Pr is the Height of the Stile above the Subſtile, and e „ ent ors et 
| r r, the Plane's Difference of Longitude. 8 «the 67 gta crete i 


| 1. To find the new Latitude oA. 
Is the Triangle 2 z, Right-angled at h, you have the Reclination TY : 16 Degrees a HR 
Angle „z Y = 60, the Plane's Declination, Then, on 
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As Radius — . —— | 
| Is to the S. c. of 609 — | —— — — 6.698970 - 
eee / 10. 542 50g _ 
' Io the T. c. of ZO= 299 : 50/ — — — 10.324473 1 
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Take this from the Old Latitude 24 2 „: 32 and there ee 
Oæ the at 1925 titule. 2 3 | 


_ — — 2. WT] th New Due, 57 de e j 
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Is to the ne of the he Old Deduation lice = pl P — 7531 
80 is the d. c. of the Reclination 2 h = 16. 575 — — | — 14 vo 


To the . < of the view Declination 1 . . W 3 


| 3- To find the Diſtanes of the Meridian wil Horizon A 0. ©. 7 
As the T. c. of the Old Declination 320 bo? — — 9.761439 
Is to Radius — — — — $4 10. 


So is the Sine of the Plene's Reclihation zh = 3 — — 9.440338 


Tuo the Tangent of 50 ht 25⁰ + FN =. — e e 4 8 
The — of this s A . 64e 9. 2 


5 4. Te find the Diſtance of the * Ren tze Meridian Or. - 
. ZO was found to be 299 : 50“, add this to the Complement of the Latitude 
= 380 28', and the Sum is 680; 18— 0. One Side of the en Triangle. 
OFr, ich y = Toner Ts ation r 39 | 
As the Tangent Comp. of PC Is 1-0 —ͤ 9.50982 
Is to 3 * * — — N nes 8 3 f 


my »\ I» * A 


To the Tangent of TO = 64 5 270 — =; -- — 10. 320525 


5. To find the oe of the Stile thous Subfile Pr. 


As Radius — 10. 
18 80 the Sine of PO 68® : x8 If — —— all ol 


S0 is the Sine of POr = 33% + o 39% — = al "a3 — — 
To the Sine of the Stile's Height above the Subſtile Pr = 30 7 — 9.711680 


| 6. of rot the nn Ef ARE OPr, 5.5) 14 8951 79 
As the T. r. of POr = 29 PM 2 FRE Ne e 10.276739 


Is to Radius plas er des — 2 
— Be TD. 451755; 1 EOS 

S0 is the S. c. PO = = 68® : 18 — 5 — 285679 

To the T, C. of O Pr = 76%: . 107 . W of ä I un ns 7 2 y 1 Ne” : 9.391165 
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The New Declination in that Lat. ZO H= FAT FD 
Ihe Diſtance of the Meridian and Horizon. AO = CIT 
The Height of the Stile above the Subſtile Pr ß ?- 
The Plane's Difference of Longitude O Pr = —— —— 
And the Diſtance of the Subſtile from he en — — 64 
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The Requiſites . found, vou may proceed to make a Table, 26 directed formerly, for 
making an upright Decliner. | | : — 


2 1 ö | | 
| 1 88: 5of 87 + n 0b 
| | 2 73: 500 [60+ 37] o | 
; 3 58: 50 40 : =o 
. 4 | 43+ 5] | 26: 18 a i] 
; 5 2825 FS + T7 } | 
7 0 | 13 2-8 7% 6 | 
Sub. — Stile. 5 
1 2 It 0 36} 5 | 
16 2 1 1 4 | 
9 1312 1 3 © 10-3 | 
2 10 48! 10 195: 12 2- | 
| j 1x {61710 43 5 1 
| I2 | 76 : 10] | 64 : 20 12 | | 
** bu an the Horizontal Line A CB, about the Middle of the Plane, and parallel to te .Y 


b + Max x Choice of Gime Point theedn — ©o. B than. 40 A, that Hour-Lines n . 9 
Wn the more Room to. ſpread) as'C, u a upon which, with 60 in Aer _= . 
paſſes from a Line of Chords draw the Circle SEFDB, which may repreſent t reclining — 1 
Hane ABB. 3 | 
_ ; 3» Takn 
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| Tax the Diſtance between the Meridian and Horizon 64* : 2 our Compaſies, 
an ſet that from ? to 8, or from B to D; nd from D through C, 1 C 12, for the 
Hour-Line of 12. 

4. From D to E ſet 64: 2 che Diſtance of the Sitbſlile from the Meridian Eaſtward 
900 it, and draw the Line C E. for the Subſtile ; ſo ſhall BD. in the Dial agree with A © 
in the Scheme, DE with Or, and 12 D fall between den, as doth ZOS the Meridian 
in the Scheme. 

. From the Point E in the Subſtile (by Help of the Chords) ſet the Hour Diſtances from 
the third Column of the Table both Ways upon the Circle St EFD B, and from C thro' 
thoſe Points draw the H r-Lines. - 

6. TAK R 30® : 59/, the Stile's Height, in your Compaſſes, and ſet that from E to F, and 
| draw the Line CF for the Axis; hey this being ſet over the Subſtile at Right Angles with 
the Plane, will point ö — towards che North Pole. 
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'To . the 8 upon a North Dial, Jeclining 60? Weſt, and 8 540 2 * which 
outterh/the- Meridian between the EquinoQial: and the Horizon. This _ be repreſented 
if the firſt Scheme of this Chapter; or the next) following by AB. 1953 vom 40 
Jin EIT du 1 447% \ 307? i 
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"Aprrovn the making of this Dial differeth but a little from the F ormer ; yet leaſt any thing 
ſhould be a Rub in a Learner's W ay; we will fet down the Parts giwen und required, as they 
appear in the following Figure (in which Qis the Pole of the EARN and net r its Meridian. ) 


'/ 


| The Latitude of the Place Z CE... .._...—— 8 1.32 
Given J The Declination of the Plane NC2 = 0 ? fOwet) 60 : 00 
| The Reclination E = nn 9 — 54 OO 


'The Parts required may be found thus. . 
Ix the Triangle Z fO Right-angted at 7, you 1 have the Side 2 20 ae Angle OZF, to find, 
1. THE Side Z O, and that will de 700 02 | 
From which take the old Latitude 2 2 * — 51 
1 the new *; 0rd | on le | 


18: 30 
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2. THE Angle Z Of ="59® ; 245 its Corhp. is the new cw Dedlination — 20 2 
The Side FO = 50 : 300 the Complement of this is the Diſtance of the ö 35 


Meridian and Horizon Ao == 1 9 . . . | - 
AGAIN, The Side 20 was bound to be n —9 00 02/5 
| To which add the Comp. of the old Lat. PZ & — 38 : 28 
The Sum is PO += — — 08 : 30 


4a ˙ OO. „ 4 


The Supplement of which is Pw = _. 1: 30 


Now in the Triangle Pr, Right-angled at 7, you have Px, and the Angle F xr = 2 2 7 
= 592 : 24, by theſe you will find, 
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4. Tu Subſtile's Pudenee 


A the north Part che Meridian » r* $0” + 4n/ 
The Supplemgat eee fines to Se South 1 
Meridian — — | — 4 
"+ Tas Stite's Height Pf = — W - E 5 3 54 743 
6. T Platie's Difference of of LN} 7 NS RN i Dan: 
2 * its ee fer — — Eee 1 
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Da Aw the horizontal Line | AC B, Ec. as directed for "RIFE the. Laſt, TY upon Cas a 
er deſcribe the Circle 8 7 E F DB, then from B to D, or from : to S ſet 350 30', the 
Nr of the Meridian and Horizon, and draw the Line P. CS 12 for the Hour of 12. 


K A ; E 42 OO 
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4. Fnou? S det 562: 417 (the Diftance of the Subſtits from the Meridian) to E, and draw CE 
"_ the Subſtile. 


. TakE 549: 437, the Stile's Height, and ſet that from E to F, and draw C F out to re- 
preſent the Axis of the World. 


4 From E, ſet the Hour - Diſtances bath * nd them in the third Column of the 
Table; and thus have you made four ſeveral Dials, this being one, and its Underſide being 
a South Plane inclining to che Halidn 36%, and declining Eaſtward 60. As alſo the North 
Plane reclining 54 and declining Ea Eaftward 69 Degrees, and its oppoſite South inclining to 
the Horizon 36 Degrees, and declining weſterly 60 Degrees, only turning the Dials upſide 
down, and changing the Figures of the Hours for Forenoon, and Afternoon, as the Nature 
of the Dial will direct you, and ſo may be done by all Dials wha oever, except the Eaſt and 


Weſt; for there can be but two Diats; becauſe the Backſide of t Eaſt is a Weſt Dial, only, 
here you put 11 inſtead of r,” TT _ Ka 


— Note, That in making the N | 7 Table, the Angles at the Pole for 10, and 11, 


were omitted, that for 10. being-73* < 13 "+ 150 28892 135, and 879: 53“, is what ſhould 
have been ſet x againſt it in the third NG and to be ſet from E to "that 9 that is between 


F and D. * \ 
3 AGAIN, The Angle at the pole cor 11 is 887 Ig '4 I 59/2 =1 vt: /, the Supplement of 
1 this is 769 4%, and 730: 58 is — N fo be (et from ay, * N chen Penn 
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theſe eint in the Arch FD. draw Lines .thro' the Center at C, and 
-LNES for 9, „%%% 
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lines or Parts upon a Dial, than what is agreeable to its Situation: . nnz + 
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O find at what Time the Sun will begin, or ceaſe to ſhine upon any Plane 
ing this, the Maker may not appear ignorant, by drawing more, or not ſo 


9 , + 


w 214434343 4 : ty 3-1 
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iner: 
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it is made, as you ma 
Horizon of London in t 


the longeſt Day) at a little before 4 in the Morning, and at the ſame Time after 8 in the After- 
noon. 5 11 4 
, Aa a a 2 Ip - Y 
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Tais Plane will give the Time of the Days f 
but the Time of his. Rifing will be different, according to the! 


e Latitude of 519 : 


” wa 
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from the Time that the Sun riſeth 
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Until he 


of | 
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fed 
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X 2 Latitude of the Place for which 
fee by the Projection at. Chapter VII, where W N E S repreſents: the 
25 and is cut by the Tropic of 28 (the Parallel of 
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e 219 05 #1 2d l od bun d 3 XY Std. 11013, 2 
| Ir you would be more exact, then i in the riang le N 5 5 Ri igbl-Anglack at N. d lee th | the 
e oun's 


Latitude of the Place NP = 51 327 and P 95 = 662 3 (che Cofpleff ent 


greateſt Declination) to find the Angle N which will „this reduced to Time 
is 3 47: 240, and is the Time of e in chat Latirate yy 88: 12": 36", the Time 
h ow his _— 1 e % 4 
5 eee — 5 8 ee 3 — : 
f | #3 - 
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In the ſame Scheme at FRO VII. wi VT way 8 a North or South Plane, in which 
you may ſee that when % Sun is. in the Tree de will ſhirts upon the Lg Side of 
this Plane from the Time "of his Riſing uintll iſ — Wes: e Equinoctial, he will 
ſhine upon it from 6 in the Morning until Mee! 5 To that all the Hours from 6 to 
6, may be put upon the South Side of. this Pune = — hs is in he Tropic of 9s, he will 
not begin to ſhine upon the South. Side Ang pit 5 nde Morning, and 

in the Afternoon, to know the . 8 yoo havent 5 W 1 Pg 1 N at 
2. e 38: 287, and P 
8 2˙7 which in Time i is 4: 1 287 
12 — 28"; 7: . 32% the Time Re comes on; 2 — du may obſerve, 
that TE Sun beste to appear upon 1. um Platte, he forfakes the North tne ; and 
when he forſakes the _— Side he appears again u the North Side, ſo the Hours upon the 
North * be 4, 5, 65 7 1 8 in . * the e in the Aſterndon. 


Grvex the Latitude of the 2 and Declination of the Sun, to 3 what Time he ſhall 
ee TY ory III 2 7 9 85 or 2 to the other. 


* * 9 


E X A M P L E. 
Lr the Plane be that at Chaps X. che Dedinatin of which is from the South 2 . „ 
weſtward — quoi — 1 
The Stile's Height is PY = _ S—_— 4: 
| The Difference of Longinade, ot Egon of Meridian is A r Y = — 36 : 24 3 


This! is repreſented in the Projection WE 4% in this Scheme ou obſerv that when 
the Sun is in the Tropic of , he bot | ſhine upon the Plane 2 8092 he 25 which is | 
little after 8 a- Clock, und whon he is in the Tropic of he will depart from the South Side of 
the Plane ati, where this Trdpic cuts it, and then egi to ſhine upon the North Side: Now 
to find the ime when the Sun eomes to. „ bo ng an the Triangle PY, Rigttt-angled at V, 
the Side P q = 66. 31/, and the Stile's Height P Y = 32® : 36', by theſe you will find the 
Aigle 4 P YL, to be 94 52% to which add. ee of -Meridians 369: 24 and the 
Su is 1100: rb', which in Time 1 % 1“. e Afternoon hence we may know 
wat chin Plane will eye es _—_ in che te P "OS: Ve, Aftemoon. us 
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* - 2 31 — 414 * 4 
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Grvzn the Lane of the > Pace, the etal of the *h, and Rectibation df a Plane, 
to find what Time the Sun ſhall forigke : a | North, jncliging Flange, to ſhine upon a South Re- 


_— — thereto. 


1. tert the 85 7 prop 58 0 1528 ws ame 6 60 0 MY 10 588 of Chas xv, eoey b. in PA 
Projection at Chap. XVI Y E, which is cat by the Tropie of 2 in two Points U 
and o, to either of which * an Arch, as P U, or Pw, and you will have the Triangle 
P Y w Right-angled at V, in this Triangle ou have the Elevation of the Pole, or new Lati- 


| 


tude of the Plane PY = 20 28”, and Side P ww = 66* : 31 given by theſe you will find 


the Angle V Pw 80 4% Which! in Tine is 4 21“: 400 in the Afternoon, when, the 

dun will ceaſe to ſhine upon: the South Side ot a Fane, and begin to ſhine upon the North 
Side. | 

| © Then if from 12 Hours, you take 5" : 21“: 40”, there will: remain 6“; 38' : 23", the 

| Time in the Morning when he will ceaſe to ſhine upon the North, or ns Side, , and 

begin uport peer or ine Side, and Wenne n TOR do for any pier Declination of 


the gun. * 4 x. $! 44103 1 

2. Ir the Plane reclines to the North Wen W E (Fes whe-fecond V: Variety: of ci. * 0 
then it is evident by the Scheme, that the Sun, will, ſhine upon it from 6 in che ins 
until 6 at Night; #hon in the Tropic of Cangery not before nor aſter. . 


3 Lxr the Plane recline more than the Comp ment of the Latitude of the Place, 28 Wyk, 
(See Variety the third, and the Scheme above- mentioned) which is cut Ne Tropie of 9, 
in two Points e and m, the Elevation of the Pole, or new. Latitude is Ph = 31e; *. 
Sicle of the Triarigle P n, Right-angled at ), and P m = 669: 31 is alfo as: 7h theſe 
you will find the Angle Y P to be "a fn Whieh reduc'd to Time is 4* : 58“: 2”; when 
the Sun in the Tropic of 2s will ceaſe to ſhine upon the North or inclining « Side of this Plane, 


and 1 cap the South or 3 _ N which it will continue to 7 {I Tr”: 58% 1 


5. North reclining 
LE EXAMPLE ». 


a+ 33 3 Fung kde from the Zenith 249 (See Caſe the firſt of Cho vn, Gidis 
repreſented in the Projection of that Chap. by W it, which falls between the 7 enith 2 „and 
Equinoctial W E E, and is cut b P72 by the Tropic of 23 at the Points 7 and 4. 
From P draw the Meridian 
622 : 28/, you will find the Angle dP / (of the- Triangle 4P; to be 36%: 55; which in 
Time is 2* 2 ' 40”, when the Sun in the Afternoon at i, will ceaſe to ſhine upon the South 
or inclining Side of this Plane, and then begin upon the north Side. 
Take 2* : 27': 40” from 12 Hours, and there will remain : 32“: 20”, the Time in the 
Morning, at &, when he will forſake POIs or Hah FIG, and | begin : to ſhine upon the 
Sora or aa Side * | | 


* 3 $1 YE 
. * . p os » ” * 74 _ "* fu 1 ,” 
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£54 


667 31“ with which, and the new Latitude pas ; 


Ll . 
q ”- — — 
| N. 7 
— * * L L he 
. . «B 
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RO at. * 


og © I= 14“ 28”, and greateſt Declination 7 W Park) find W 07 


58 BW”. 

— — % = , 
<* grad £4 
==), 4 


N. B. Thi 


\ is in the Siens, 1: or the South or in- 
clining Side ofithis ut when! 1 natioh is north, is, from” about the roth of 
March to about the 12th bf ehtembir, | 8 orie ne Day up the ing Side, 


and ſome Part Ra N ee 1 as is evident 155 he Frei. 


1 ** 4 4 # — 
F 2 5 44 ” x * 


- 5 Ver, 5H" : 3 
w* of K 2 ** 1 ; ; : o F x 8 1 s 
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LE r a North Plane rachine; Röm 1 14 0 519 5 FO heli, this Reclination being 
equal to the DE of the ma A to. be er Plane, and is e 1 the 
VI, „ See Caſe the 2d of tha RON. h | {ct 


1 . loa * 89 A M 55 L E 3. 3 


13 1 

\ F# Þ + 

Ls + ? 
1 9 * 7 1 * > 
$543 {4 4 1 4 


1 errott a OP Rune in the Laitutte' of MY $ aft veclitve aun ou ale ſo 
658. o/ (See Caſe the 3d of Chap: XVI) which is more than the Equinoctial by 14: 8585 
is repreſented in the Projection by WX E. 

It is evident by this Scheme, that the Sun will only Uheminate the Reclining or upper Side of 
- this Plane whilſt he is in the northern Signs, the reſt of the Year he ſhineth upon , Until his 
Declination South be more than-14® : 28”; but 149 : 28/ is the Declination of the Parallel, 
when the Sun ceaſeth to ſhine upon the reclining Side, and only ſhines upon the inclining Side 


{ of the Plane. 


Now when the Furs Declridtion is is 14 0: 28” South, His Amplitude tor the Latitude of 
2 327 will be” 230 41%, ſet this from to V and draw the Parallel Fx, which will cut the 
| LE: at ©, from which Point draw Parr of a Meridian © I to cut the Equinoctial at /, and 

that will form the Triangle W OI, Right-angled at /, in which you have the Met Declina- 


As the Sine of the greateſt Declination 239: 2 — — — 9. 800409 
ls to the Sine of the preſent e 14 28 — — 9. Sag 1 
80 i5 Radius % ao nn, ot = MLL. n 10.” 

Ms the Sie of W. 852 WK 38% 2 F430 ih 97 — 4 gp ; | 810 — 9. 207272 
From this take — „c | 21 po 


And there remains 


8 : 50 in Scorpio, and this is "A Place of the Sun, . he for- 


ſakes the North, or reclining Side, and begins to ſhine upon the South, or inclining Side, and 


if youlook for this in an Ephemeris, you wil find it awer th the. iſ Day of Ocbober. 
AAN, when the gun aſcends to 210% 15“ of t to be in the ſame Paralſel, viz. of 149 : 287 
he will forſake the inc ining Side, and begin to ſhine upon the 'reclining Side, and that will be 


2 


upon the 28th Day of January. 


6. Pf Eaſt or T Weſt Recliners. 


Tas! 3 of che Pole, and 3 of the Sun being given, 15 find at what Hour 


fhe Fun pale, from owe Sid of an EqR or Wen Recliner to the other. 


— — EXAMPLE. 


7” _ 


| Supposs & Weſt Plane in the Latitude of 51: n 35 \Dhgiees 6 Gong the Zenith, 
then it may be repreſented by the oblique Circle N a 8 whoſe Pole is att, its Meridian 7 Pg, 
and Reclination Za = 35% See Chap. XVII, where the Stile's Height Was found to be 


THE 


2 20:41 and Ditference of Longitude NP? = 669 ; 280%. 


3 
a 


4 2 „ 
82 


* Tn HE Tropic of oh cu fol this Plane at 4, to which Point wa the Meridian P, and that will 


form the I 4 . ight-ängled 40 i which yu Have given the Height of the Stile P 7 

2 1b 608 31% byitheſe you will find the Angle y E to be 77 5 23 ; i 
to this dd "the Difference of Longitude Pg = 669 : 28 and the Sum is NP = 143%s5r1/, 1 5 
this reduced to Timè is 9: 357 24% in the Morning; when the Sun (in the Tropic of . J 

will ceaſe to ſhine npon the Kalt inclining Plane, and then begin to ſhine upon the Weſt Re- 

cliner, and take qu: 35 15 from 12 Hours, and there will remaim 20: 24: 36“ in the After- 

noon, when the Sun will ceaſe to ſhine upon the Eaſt Recliner N S, and begin to ſhine upon 

the mn. _— or Weſt Recliner, and the ce for a other Reclination and Declination of 

the Sun 

ery” h iir Oo 341 2510 125 10 as BE N 
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427 W propos 'd be the ſame; with the arſe Variety.of Chapter. X. vin. 1 viz. a qeiſinin 
polar Plate, as A P B in the firſt Figure of that Chapter. 
Every ſuch Plane is coincident with ſome Hour-Cirlce or Part,and there ore the Sun i in what 
Ds ſoever paſſeth from one Side to the other, at the ſame Hour and Minute, which you 
ay find by the — 19-2 NP B, in which you have N:P = 512? : 32/, the Latitude of the Place, Rs, 
N B = 60 Degrees, the Complement of the Plane's Declination, to find the Angle NP B, 
which will be 659 : 4155 or 4: 23/ from Midnight, when the Sun paſſeth off the inclining to 
the reclining Plane; but g P z is equal to N P B, or the Time from N. oon, when he forfaketh 
the yo and ſhineth upon the 955 Side again; and thus it continueth till the 
nort plitud of 408 Sun bei/equal to Sion — Jeclination, of, the Plane, from 
hene $I e ſhinet 0 m th bis the Mdrning ; and when the ſouthern 
 Amplit he Syn 1445 to MR = > e Plans | Declination, then it ceaſeth 
to ſhine upon the inclining Side in the Evening a ſo, and the rer "of the Year it " apy — 
upon the reclining Side of the Plane. 5 & | 


$5 # hf N 
EXAMPLE 2. 


1 


«1 14] I 161 bus NK AMC 1628 anos] 10 1102-5; 12 | Y 
| Grunde 3 of the Place, and Doclination af the Sun, 1 wh the Hethoation 15 
and Reclination of the Plane to ſind what Time the Sun ſhall ceale 25 _ _o_ the Bart.) in- 


clining Side to ſhine upon the ſouth Recliner oppoſite thereto * 15 


1. LET this "PRE be of the declinin reclining Plane, e at Variety the 2d, of 
Chap. XVIII, of which the Height of tk Stile * the Plane was found to be Pr = 
: pu 8 . 4 
1146 And Difference of han ongitude QPa=.. -:; rave rag 2.8 4 
111 1 Projection at this 2d Variety, where. this Plane 3 is cut 5 the Tropic of 2 at 7 be⸗ | 1 
tween 4 ws $- in the Mens. And again at * between 3 and 41 the Afternoon. 3 =_ 


15 Ds AW the Meridian Pz, "be and that will complere the Triangle'P rt, Ri ht-angled at'r, 
in which is given P F e. 2 675 A and vie Sele Height 8 rho 476 ind - 
dhe Angle 7. 1 and that will be 832 18 to whic 1 add; the Difference of Longitude : 
Pr = 282 55, we the Sum will” 550 11 2 n the Supplement o of Which is 
eee 200 e 
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ew. 5 b 18 * 4 bt 311 1 311 +; WED 3040 140 01. 


: vr g 1778 nh 4h the Ti. i 
p « „neee c'indlining! Side, and Hegin to f. 
1238 A > #121 M02 5113 bot Ig 5 605 =» J 2 200, p 

3 From 930 7 7) take 289 255% and chete will mal . FT 

Time in the Afternton; when the dun at v. oily. 

N. r or oppoſite Bier bis 19H cr 


16 417 in 02 Lale IB 10 1 HI n 53 Sa 21,1 e 9 L 4 7 00 05 555 Tr x m2. 311 


= 5 | . 1 0 a l ry aac mn: 2s ind A N L 12 S 21906 To bit tt 9711 Gin #47 '> 
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x, there be given the Latitude of the Place the Declination of the Sun, Oc. as s at the 
2 the Plane be the fame as that at the 3d Variety, at bo Ve was and 
i 1 int Chup. heh Er Is. where- the ha of the Nele was found 
— CIS” — — 2 1 9 2 25 

= And Difference of Longitude 22 5 — 17 : 42 

= - - lere the Tropic of s cuts YT TR 4 nd 7d 5 in the Morning, and at v, 
3 between 5 and 6 in the Afternovr * 2 * | 


2.) F.omP draw the Meridians Pe, and Po, and "OY will form two Sata Ichs r Po, 

and rPe, a. guage at , in one of which, viz. v Pe is given the Side Pe = 669 31 
= dug R 2.377 to find che Angler Pe, which will be 81? : 125 from which ſubſtract 
6 the Difference FLongitader (Ps = ) : 42 and there will remain N Pe 63e 30 


/, the Time i in the ern! bent rien e to ſhine upon the uppers 
E UP 6. iy LICE SOT" x Bo: #7 17" F 7 n ff e 
g Kae, ud {err df, 45 act; 1 7 12 


, = . 1 add 1 277.7 42 Al Lines aw Pip = . at eee 
2 672 2 9 44 She the Sun (in ) at v, will OE re 
e and i to e 7 e eee © 
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1 wife, the + Bl wee . 18, ad and 3d Varieties of 
1 and by n en — 2 ——_ . 
Ne and 1n- 
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* q 7 Li * N. T a * 'J 
E 1 . — — 4 4 Py . 5 mu ' 
a 1 | a - F 4 K 1 : * * 7 q ; - a « * 
2B : — : g 5 . auf 4 } a 3 17. r *. & N 4 
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1 the Plane A z 0 Bin me E Ie. Nation the 11 of Chat XIX be that ptopos'd / which 
; is cut by the Equinoctial at , and che Tropic of & at 5, then m P thro''b draw the Meridian 
= - | Pb x, which will from the niangle P4 5 Right-angled at», (the Pole of the Plane being at ) 
= in which you have the Side P % 66? : 313 and Height of the Stile PF = 42“: 52%, by theſe 
A PE Gen dad the Angle Pr, to be 66⁰ 5 , to mart add the Angle N r= po, and the 

2 Sum is 156: 13 ' which regu 'd to Time is 10: 247 : 52“ in the Morning, When the 
== Sun heips, 4n- the Tropic of Fane ceaſe to ſhine my the 1 nt, W wager: to Com 
1 1 5 upon the Reclining Sia, of this Þ 5 


T 7 — EXAMPLE 
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EXAMPLE 2. 


LT it de t to find (the Sun being i in the Trope of =) * Time when he will ceaſe 
to ſhine upon 12 Side of the Plane Ah B, whoſe Pole is at a _= the 1 for 
| YEP the 2d of Chap. XIX. ) and begin to ſhine upon its reclining Side. 


Du aw the Meridian Pa from P to the point a, where this Plane interſects the Tropic of , 
and that will form the Triangle P r 4 Right-angled at r, in which you have the Side P a=660: :31" 
and Height of the Stile P = 309 : 59", by theſe you will find the Angle a Pr to be 74*.: 53 
which take from 76: 10” (found at Art. 6th of Variety 2d, Chap. XIX.) and there will re- 
main 1: 17', the Supplement of which is 1780: jet , this reduc'd is-1x) : 54' : 52/7 in 


bite, Morning, when the Sun n will forfake the Inclining, and begin to ſhine — the e Reclining 


EX AMP LE 4. 


To find the Time (the Sun being in the Tropic of 8) dun he will forſake the inclining Side | 
of the Plane A FB, whoſe Pole is at Q (See the Figars at the 3d "A of 1 5 XIX,) and · | 
begin to ſhine upon the Reclining Side. . - 


| Draw the Meridian Pat; which will — the Triangle Pro Rinks: hed 2 at r, in 
which youhave P o'= 669 : 315 and the Stile's Height Pr = 54% 3/, to find the Angle 
a Pr, and that will be 52 7 to which add 4 2 619: : 47 and the Sum is the 
Angle & PAR 1132: 54/, which in Time is 5* : 35: 367 i Morning, when the = 
Sun will forfake the Inclning and - ſhine upon th . Side, and theſe „ 
the Varieties that can happen we have given Examples of the Sun's ceafing, arid Be- — 
I ſhine upon the en Planes here mentioned ; when he is in the Tropic of 2, yet _ 
ee ene phe her Farallel of 
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„ „ e ) — FI fome Errors will be alno 
23d if the following Lift be enlarged by ſome Variations bitween' the tranſerib ths the 6 the rr 


Copy, the Author hopes his great 9 from the 9 ww by his candid Readers be thought 

a Me efficient Excuſe. 
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The SUPPLEMENT. 


T HE To | Tables next Kollo wing are e den as a Sopitemedt to thoſe that begin at 
Page 279, from whence” they were extracted, as thoſe were from the Tables of the 


mean Motions of the Sun and Moon in this Book; and it is preſumed to be the moſt ex- 


peditious Way of any that has hitherto been publiſhed, for finding the true mean Times of 
the Fulls and Changes of the Moon, her Quadratures with the Sun, and alſo when an 
Eclipſe of either the Sun or Moon may be expected. Calculated for 142 Vears, beginning 
with 1748, and ending 1890, and may by the ſaid Tables be — in like manner for. 
any Time paſt, or to come. | hh | 
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In the Firſt and Fourth Columns are placed | 
Epacts, and againſt the given Year, you have the true mean Time of the firſt Conjunction, 
or New Moon that happens ini January, for thar Year; amd in the ſame Line, under the Mo- 
tion of Latitude, you have the Motion of Latitude for that Time. And to know whether 
the Sun may be eclipſed at thoſe Times, obſerve what is ſaid at Page 284; and when you 
have found the mean Time of a Full Moon, you will ſee in the ſame Page whether ſhe is 
likely to ſuffer an Eclipſe at that Time or not, 1 


x 
. : * : 


Now, when you would find the true mean Time of a New Moon in any other 


Month (except February) you muſt firſt write down the Epa@ and Motion of Latitude tha 
ou find againſt that Year ; to theſe add the Epact, and Motion of Latitude belonging to the 
onth next before that which was given: If the Sum be leſs than the Number of Days in 
that preceding Month, that is the Time of the mean Conjunction in that Month; to which 
add a Lunar Month, viz. 294: 12* : 44' : 3“ for the Epact, and 1* : O 40“: 14/ for 
the Motion of Latitud 


required, which being found, you may. find the Time of the Full Moon that ſhall happen 
next before that Change, or that next after, by ſubſtracting 144: 18* : 22/: 2” from the 
Motion. of the Latitude, or adding theſe for the 


ere obſerve, that if the true mean Time of the New Moon be required in February, for 


Epact, and o: 15® 20“; 87 from the 
* Full Moon after that Change. 


any of theſe Years, then write down the given Yeer, and after that the Epact and Motion 


of Latitude, and to thoſe add the Epact and Motion of Latitude for a Lunar Month, 


and the Sum will be the true mean Time of the Conjunction, and alſo the Motion of Lati- 


tude for February: And having thus found the mean Lime of a Conjunction, you may born ; 
tom of the 


* 


find the Firſt Quarter, Full Moon, and Laſt Quarter, by the Numbers at the 
Table of Months. 5 e | 


Nate, That if the given Year be a Leap-Year, and given Month after February, ſet down 


one Day leſs for the preceding Month than what you find in the Table of Months. 
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the Years of our Lord ; and under the Word 


e; from the Sum, take the Days of the preceding Month, and the 
Remainder will be the Time of the New Moon, and Motion of Latitude for the Montn 
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